VOLUME XXXVI JULY, 1957 NUMBER 7 


The Journal of 
Clinical Investigation 


EDITED FOR THE AMERICAN SOCIETY FOR CLINICAL INVESTIGATION 





Contents 


Diastolic Gallop Sounds, the Mechanism of Production, PETER T. Kvo, Truman G, SCHNABEL, JR., 
Wituiam S. BLAKEMORE, AND ARTHUR F, WHEREAT 1035 


Radioactive Iron Metabolism and Erythrocyte Survival Studies of the Mechanism of the Anemia Associated 
with Rheumatoid Arthritis. Emm J. FremreEIcH, JosepH F. Ross, THEoporE B. Bayies, Cuarzes P. 
EMERSON, AND Stuart C, Fincw 1043 


A a of the ee Relationship Between Antidiuretic Hormone (Vasopressin) and the Renal 
ular Reabsorption of Water. WaLTER HOLLANDER, JR., T. FRANKLIN WILLIAMS, CHRISTOPHER C. 
ForpuaM, III, anp Louis G. WELT 1059 


Acute Respiratory Iliness in Volunteers Following Intramuscular Administration of Live Adenovirus, 
R. Hitieman, R. E. Hopces, M. S. WaRFIELD, aND S, A. ANDERSON 1072 


Pulmonary Ventilation and Diffusion in the Human Newborn Infant. MiLprep 7. StanLMAN 1081 
Type-Specific Streptococcal Antibody. FLoyp W. Denny, Jr., WiLL1aM D, PERRy, aNnD Lewis W. WANNA- 


Hypoxemia and Coronary Blood Flow. Rosert M. Berne, JoHN R. BLACKMON, AND THOMAS H, GARDNER, 
Renal Function in Wilson’s Disease. A, G, BEaRN, T. F. YU, anp A. B. GUTMAN 


Serotonin and Histamine Release During Anaphylaxis in the Rabbit. T, P. WaaLkes, H. Wetsspacu, J. 
BozicEvicH, aND S, UDENFRIEND : 


The Immediate Effects of Respiratory Depression on Acid-Base Balance in Anesthetized Man. Duncan A. 
Hotapay, Dorotuy Ma, anp E. M. Papper 


An ———— of the Nitrous Oxide Method to the Study of the Cerebral Circulation in Children; Normal 
nye alues Be Cerebral Blood Flow and Cerebral Metabolic Rate in Childhood. CHartes Keannps AND 
UIs SOKOLOFF 


Response of Pulmonary Artery Pressure and Total Pulmonary Resistance of Untrained, Convalescent Man 
to Prolonged Mild Steady State Exercise. SaLvaTorRE M. SANCETTA AND Louis Raki 1138 | 


Idiopathic Pulmonary Hemosiderosis. A Study of the Anemia — 5 a Using Radioiron and 
Radiochromium. Lronarp Apt, MYRON. failecors, AND J. F 1150 


Studies cn the Immunochemical Basis ‘of Allegric Reactions to Dextran in Man. Ervin A. KABaT, 
GeERarD M, TurINo, ARTHUR B. TaRROW, AND Paut H. MAuRER : 


Effects of Eight-Hour Intravenous Infusions of ACTH and the Saga ce ag Steroids in Normal Man. I. 
Gastric Secretion, an Plasma and Urinary Pepsinogen. B.1, H1rscHowitz, D. H. P. StREETEN, 
J. A. Lonpon, anv H. M. PoLiarp 


Study of Urinary and Fecal Excretion of Radioactive Chromium Cr* in Man. Its Use in the Measurement 
of Intestinal Blood Loss Associated with Hookworm Infection. MARCEL RocHE, Marte ENRIQUETA 
PEREZ-GIMENEZ, MIGUEL LAYRISSE, AND EsTELa Di Prisco 








The Journal of Clinical Investigation 


Printed by the Lancaster Press, Inc., Prince and Lemon Sts., Lancaster, Pa. Published by the 
American Society for Clinical Investigation. Publication Office, 
333 Cedar Street, New Haven 11, Conn. 


Puitie K. Bonny, Epiror-1n-CHIEF 


ASSOCIATE EpITors 


FRANKLIN H. Epstein 


ALLAN V. N. GoopyErR 


The Editorial Committee of the American Society for Clinical Investigation 


Tuomas P. Atmy, New York, N. Y. 
Rosert W. Bertiner, Bethesda, Md. 
Francis P. Cuinarp, Baltimore, Md. 
Grorce L. Curran, Kansas City, Kan. 
Lewis Dexter, Boston, Mass. 

LeonarD P. Exter, Oklahoma City, Okla. 
Warp S. Fow ter, Rochester, Minn. 


Rosert A. Goop, Minneapolis, Minn. 

Joun B. Hickam, Durham, N. C. 

Epwarp C, REIFENSTEIN, Jr., Butler, N. J. 
ARNOLD S. RELMAN, Boston, Mass. 

I. HERBERT SCHEINBERG, New York, N. Y 
Joun V. Taccart, New York, N. Y. 
RicHARD W. VILTER, Cincinnati, O. 


LAWRENCE E. Younc, Rochester, N. Y. 


THE JOURNAL OF CLINICAL INVESTIGATION is de- 
signed for the publication of original investigations 
dealing with or bearing on the problems of disease 
in man, and it is the policy of the editors that the 
JourNAL should cover the field of clinical investiga- 
tions in its broadest sense. 


Contributions should be sent to the Editor-in- 
Chief, Dr. Philip K. Bondy, 333 Cedar St., New 
Haven 11, Conn. In order to hasten the process of 
reviewing and editing it is requested that each origi- 
nal manuscript be accompanied by a duplicate copy 
and duplicate illustrations. 


In order further to expedite the earliest possible 
publication of articles submitted to the JouRNAL 
oF CLINICAL INVESTIGATION they will be published 
in the order of final processing after review, cor- 
recting and editing rather than in the strict sequence 
of their receipt in this office. Papers which re- 
quire much editorial change, revision of charts and 
tables, condensation and rewriting will be delayed 
according to the time required for their correc- 
tion. This policy will put a premium on excellence 
of manuscript as well as the major consideration 
of content. Because of the increasing costs of 
printing, especially in the hand work of making 
tables, the editors suggest that when feasible photo- 


graphs of tables be prepared. It is also requested 
that charts be photographed, the photographs ac- 
companying the manuscript. The originals of the 
charts need not be forwarded except by special 
request of the editors. Further information regard- 
ing the preparation of manuscripts may be obtained 
from the editors. 


Each volume will consist of 12 monthly issues 
appearing throughout the calendar year. The sub- 
scription price is $15 per volume, payable in ad- 
vance; foreign countries also $15, payable in U. S. 
funds. Single copies will be sold when available at 
Vols. 1-28, $2; Vols. 29-36, $1.50 a copy. Authors 
may purchase reprints at scheduled prices. A special 
subscription rate of $6 per volume of 12 monthly 
issues is offered to medical students, interns, 
fellows, and residents of approved hospitals. Sub- 
scriptions are net postpaid. Remittance should be 
made by draft, check or postal money order, pay- 
able to The Journal of Clinical Investigation, 333 
Cedar Street, New Haven 11, Conn. Claims for 
copies lost in the mails must be received within 
thirty days (domestic), ninety days (foreign), of 
the date of issue. Changes of address must be re- 
ceived at least two weeks in advance of issue. 


Acceptance for mailing at special rate of postage provided for in paragraph (d-2), section 34.40, 


P.L. & R. of 1948, authorized February 13, 1950 


Entered as second-class matter September 16, 1931, at the Post Office at Lancaster, Pa., under the Act of 
March 3, 1879 


Copyright © 1957, American Society for Clinical Investigation 





Which of these indications for 
nuclear medicine do you encounter? 


Eye tumors—Sodium Radio-phosphate 
(P-32) 


Thyroid uptakes and therapy—/-131, 
Radiocaps®, Theriodide®, loresin* 


Cardiac outputs and circulation times 
—Risa®, Rose Bengal 


Cardiac therapy in angina, etc,—/-137 


Therapy of malignancies—Aurcoloid* 
(Au-198), Chromic Phosphate 
(CrPOx), Yttrium 90, 

Actaloy® (Co-60) 
Liver function—/-131 Rose Bengal 
Body water and “spaces"— 

D20, 720, IAP 


Body compartments— 
Na-22, K-42, (S-35 0.), etc. 
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Brain tumors—Risa®, As-74, Cu-64, P-32 
Thyroid physiology—/-131 Thyroxine, etc. 


Blood and plasma volumes—Risa®, 
Rachromate® (Cr-51) 


Red cell volumes and survival times— 
Rachromate® (Cr-51) 


Pancreatic function—/-131 Triolein 
and Oleic Acid 


Kidney Function—/-131 Diodrast, etc. 


Diagnosis of pernicious anemia— 
Radio-cyanocobalamin (Co-60 and Co-58) 


Study of other anemias—Fe-59 


Treatment of polycythemia vera and 
leukemias—P-32 
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precision automatic scanning 


Complete scanning system shown above includes 1700 
Isotope Scanner, new 1700-P Photo-Recording Attach- 
ment, DS5-1 Scintillation Detector with versatile colli- 


mator inserts, and 161A Basic Binary Scaler. 


Physicians in charge of hospital, clinic and 
private radioisotope laboratories are realizing 
the need and great usefulness of an automatic 
scintillation scanning system for “‘picturing”’ 
radioisotope distribution in body areas. 
Nuclear-Chicago’s 1700 Isotope Scanner is a 
logical choice for such installations because: 
(1) it is designed to operate with any scintilla- 
tion detector or scaler, (2) it can be supplied 
with a combination gamma-ray spectrometer- 


scaler instrument for background and scatter 
elimination, (3) it is the only scanning system 
available with the new photo-recording 
attachment as an optional accessory, (4) it 
occupies a maximum floor space of only 34” 
x 44” and can be easily moved through a 3 ft. 
door, (5) it is extremely simple and sturdy 
in construction to guarantee years of reliable, 
trouble-free operation, and (6) it is most 
moderately priced. 





of radioisotope concentrations 








Same patient as at left. Left lateral 
view. G y Specti ti sed 
for background reduction. 


Thyroidectomy in 1928. Thyrotoxic 
symptoms in 1956. Scan shows recur- 
rence In pyramidal region. 


intrathoracic recurrence 20 years after Scan showing residual thyroid area 
surgery. Gamma-ray Specti fi 9 surgery and node dissection. 
used with Scaler. Spectrometer not used. 








Actual scans shown above illustrate typical 
diagnostic problems which lend themselves 
to the Isotope Scanner system. The three scans 
at the left were made using a Nuclear-Chicago 
gamma-ray Spectrometer-Scaler unit. This 
combination is considered the only valid 
and safe way to “‘erase’”’ background and 
eliminate scatter, because it cannot erase 
even the weakest isotope concentration. 


For years Nuclear-Chicago has been the 
leader in development of quality radioactivity 
instrumentation for the medical profession. 
A complete line of radioactivity measuring 
instruments, personnel protection devices, 
and radiation research equipment, including 
more than 30 new products especially designed 
for medical use, are illustrated and described 
in our new Catalog Q, available on request. 


new! photo-recording attachment 


1700-P Photo-Recorder attaches directly 
to any old or new 1700 Isotope Scanner. 
A glow tube in the camera box is mechani- 
cally coupled to the scintillation detector 
and produces on standard 14” x 17” x-ray 
film separate flashes of light which vary 
in frequency with count rate. Model 1700-P 
may be operated simultaneously with the 
Isotope Scanner’s printer and provides 
contrast enhancement, variability and con- 
trol of contrast, background suppression, 
and accurate anatomical localization. The 
developed film may be superimposed on 
roentgenograms to give a clear presenta- 
tion of isotope distribution. 


Reference: David E. Kuhl, R. H. Chamberlain, John Hale and R. O. Gorson: A High-Contrast 
Photographic Recorder for Scintillation Counter Scanning. Radiology, pgs. 730-739, May, 1956. 
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Orinase 
Prescription 
Information 


Dosage: Patients responsive to Orinase 
may begin therapy as follows: 

First day 

itn.” @OOOOS 


Second day 


2 Gm. & & © ) 
Third day Ys © 


1 Gm. 
Usual maintenance dose 1 Gm. 


(must be adjusted to patient’s response) 

To change from insulin to Orinase: 

If previous insulin dosage was 

less than 

40 u./day . . . reduce insulin 30% to 
50% immediately; 
gradually reduce insulin 
dose if response to 
Orinase is observed. 


more than 
40 u./day . . . reduce insulin 20% 
immediately; carefully 
reduce insulin beyond 
this point if response to 
Orinase is observed. 
In these patients, 
hospitalization should be 
considered during the 
transition period. 
Caution: During the initial “‘test” period 
(not more than 5 to 7 days), the patient 
should test his urine for sugar and 
ketone bodies three times daily and 
report to his physician daily. For the first 
month, he should report at least once 
weekly for physical examination, blood 
sugar determination, and white cell 
count (with differential count, if 
indicated). After the first month, the 
patient should be seen at least once a 
month, and the above studies carried out. 
It is especially important that the patient, 
because of the simplicity and ease of 
administration of Orinase, does not 
develop a careless attitude (“cheating” 
on his diet, for example) which may 
result in serious consequences and 
failure of treatment. 
Supplied: In 0.5 Gm. scored tablets, 
bottles of 50. 


Complete literature available on request. 


THE UPJOHN COMPANY 
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Used investigationally in more than 


Ready for your prescription now. Orinase is now 
available in all leading prescription pharmacies. 
But please, before you prescribe this exciting 
new drug, be sure you understand its limitations. 


Indications. Orinase is most likely to benefit the 
patient in whom the diabetes is relatively mild 
and stable, is not adequately controlled by die- 
tary restrictions alone, and developed sometime 
after the age of 30 years. 


Contraindications. Orinase is contraindicated in 
patients with 1) diabetes of the type known vari- 
ously as juvenile, growth-onset, unstable, or 
brittle; 2) a history of diabetic coma; 3) diabetes 
complicated by ketosis, acidosis, coma, fever, 
severe trauma, gangrene, Raynaud’s disease, or 
serious impairment of renal or thyroid function; 
4) hepatic dysfunction; and 5) diabetes ade- 
quately controlled by dietary restriction. 


Effects. In patients with a satisfactory response 
to Orinase, the blood sugar falls, glycosuria 
diminishes, and such symptoms as pruritus, poly- 
uria, and polyphagia disappear. It is not a sub- 
stitute for insulin. And it requires the same ad- 
herence to basic principles of diabetes control as 
does insulin, e.g., dietary regulation; tests for 
glycosuria and ketonuria; hygiene; exercise; in- 


18,000 patients! 
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(Tolbutamide, Upjohn) 


struction of the patient to recognize and counter- 
act impending hypoglycemia, to follow rigidly 
directions regarding diet and continuing use of 
the drug and to report immediately to the phy- 
sician any feeling of illness. Extreme care must 
be taken during the transition period to avoid 
ketosis, acidosis, and coma. 


Side effects. To date, the most serious side effect is 
hypoglycemia, which may occur occasionally and 
is most likely to occur during the transition 
period from insulin to Orinase. Other untoward 
reactions to Orinase are rare, usually of a non- 
serious nature, and tend to disappear on adjust- 
ment of dosage, e.g., gastrointestinal disturb- 
ances, headache, variable allergic skin manifesta- 
tions, and alcohol intolerance. 


Clinical toxicity. Aside from an occasional hypo- 
glycemia, Orinase appears to be remarkably free 
of gross clinical toxicity. There is no evidence of 
crystalluria or other untoward effects on renal 
function, or of hepatotoxicity. Except for a rare 
leukopenia of mild degree, which has been revers- 
ible (in some instances, even under continued 
therapy) , there have been no adverse effects on 
hematopoietic function. 


* 
TRADEMARK, REG. U.S. PAT. OFF. 
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ANALYZE ALKALI METAL SOLUTIONS 


WITH =1% ACCURACY IN 1 MINUTE 


Perkin-Elmer’s Flame Photometer is the ideal instrument for your labora- 
tory if you analyze for soluble alkali metals. It is designed for accuracy, 
speed and operator convenience. 
Features of the Model 146 Perkin-Elmer Flame Photometer contributing 
to accuracy and operating ease include: 
@ Two-prism monochromator insuring precise selection of the proper wavelength 
for the particular analysis and reduction of inter-element effect. 


@ Two-phototube detector system for uniform sensitivity over the entire wavelength 
range. 

@ Internal standard for analyses requiring the highest accuracy eliminates inter- 
ference from such variables as viscosity, temperature, volatility, and external 
contamination. 


Direct intensity reading for fast routine results. 
Accurate read-out through drift-free electronics. 


Operation with any commercially available gas—natural, manufactured, pro- 
pane, butane, or acetylene. 
@ Modern design for laboratory good looks and operation convenience. 
For additional information, send for our illustrated brochure on the 
Model 146 Flame Photometer. 
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DIASTOLIC GALLOP SOUNDS, THE MECHANISM OF PRODUCTION *? 


By PETER T. KUO,3 TRUMAN G. SCHNABEL, Jr. WILLIAM S. BLAKEMORE, 
anp ARTHUR F. WHEREAT 


(From the Edward B. Robinette Foundation, Medical Clinics, Hospital of the University of 
Pennyslvania, and The Harrison Department of Surgical Research of the School of 
Medicine, University of Pennsylvania, Philadelphia, Pa.) 


(Submitted for publication November 5, 1956; accepted January 30, 1957) 


In a study previously reported from this labora- 
tory, the mechanism of gallop sounds was studied 
with the aid of the electrokymograph (1). A 
wave of rapid lateral movement of the left ven- 
tricular wall was repeatedly demonstrated in each 
of the 28 patients with hypertension and heart 
failure with either a protodiastolic or presystolic 
gallop sound. The gallop sound occurred during 
this wave and not after its completion. The ab- 
normal left ventricular border kymogram disap- 
peared with the regaining of compensation and 
subsidence of the gallop sound in these patients. 
It was felt that these observations supported the 
views of Potain (2), Ohm (3), Wolferth and 
Margolies (4), Orias and Braun-Menendez (5), 
and Mannheimer (6) that an impact or sudden 
stretching of the ventricular wall is the chief 
mechanism of production of the gallop sound. 

On the other hand, Hirschfelder (7), Gibson 
(8), Thayer (9), Sewall (10), Lewis and Dock 
(11), Brady and Taubman (12), and Dock, Gran- 
dell, and Taubman (13) supported the theory of 
reflux closure of the atrio-ventricular valves as the 
mechanism for the production of the gallop sound 
on the basis of studies of apical impulse, jugular 
vein pressure pulse, left ventricular kymogram and 
ballistocardiogram. 

The development of right and left heart cathe- 
terization (14, 15) and, particularly, the develop- 
ment of techniques to secure an accurate simul- 
taneous recording of the atrial and ventricular 

1 This study has been supported in part by Grant H-393 
of the United States Public Health Service. 

2 Presented in part at a Symposium on Cardiovascular 
Sounds, Cincinnati, Ohio, Oct. 26, 1956. 

3 This work was done during the tenure of a Research 
Fellowship and the tenure of an Established Investigator- 
ship of the American Heart Association. 


4 Markle Scholar in Medical Sciences. 
5 Scholar in Cancer Research. 


pressure pulses (15) have made it possible to 
further the investigation of the origin of the gal- 
lop sound. In this study the temporal relation- 


ships of the gallop sound to the atrial, superior 
vena caval, and external jugular pulses of the 
same subject were determined. Apex cardiograms 
were also studied in this series of patients. The 
recording characteristics of the piezoelectric pick- 
up and the Lilly capacitance manometer employed 
in the study were compared. 


MATERIAL AND METHODS 


Two groups of patients were used in this investiga- 
tion: a) Left heart catheterization was performed to 
evaluate 10 patients with chronic rheumatic mitral val- 
vular disease for cardiac surgery. Clinical evidence of 
a predominant mitral insufficiency, and that of a compli- 
cating aortic lesion were indications for the pre-opera- 
tive left heart study. b) Right heart catheterization was 
performed on 4 patients with signs and symptoms of 
severe right heart failure to help establish the etiological 
diagnosis of the heart disease. 

Right heart catheterization was performed according 
to the technique of Cournand and Ranges (14) and by 
the use of a small double-lumen catheter. Pulmonary 
“capillary” pressure was recorded by the method de- 
scribed by Lagerlof and Werk6 (16) and by Hellems, 
Haynes, and Dexter (17). For left heart catheterization 
a technique developed by Schnabel, Blakemore, Kuo, and 
Langfeld (15) for the simultaneous recording of pres- 
sures in the left atrium and left ventricle was used. 
Atrial and ventricular pressures were recorded simul- 
taneously using two Lilly capacitance manometers either 
through a No. 7 double lumen Cournand catheter or 
through two smal! plastic catheters (18). The time lag 
of the small catheter system was 0.002 second or less. 
The apex impulse was obtained by the use of a glycerine 
capsule end-piece attached alternately to a) a piezoelec- 
tric pick-up, and b) a Lilly capacitance manometer. A 
specially constructed multichannel Hathway recorder 
which includes a phonocardiographic channel was used 
for all the recordings in this study. All records were 
taken at a paper speed of 75 mm. per second. 
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Apex IMPULSE RECORDED WITH A PIEZOELECTRIC Pick-Up ON A PATIENT WITH 


Mitra INSUFFICIENCY AND Loup Protoprastotic GALLop Sounp (G) 


A sharp downward dip (inflection) following an initial upswing is recorded both during 
ventricular systole and at the time of the protodiastolic gallop sound. 


RESULTS 


Correlation of the apex impulse to the gallop 
sound 


Apex impulses of this series of 14 patients with 
protodiastolic and presystolic gallop sounds were 
recorded both through a piezoelectric pick-up and 


APEX 
IMPULSE 

















through the amplifying system of the Lilly ma- 
nometer. A typical example of the apical impulse 
obtained through a piezoelectric pick-up from a 
patient with a protodiastolic gallop is shown in 
Figure 1. In this case the apex impulse starts to 
move upward (outward) about 0.04 second be- 
fore the onset of the gallop sounds (G in Figure 
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Fic. 2. Apex Imputse REcoRDED wiTH A LiLLy CAPACITANCE MANOMETER ON A PATIENT 
witH Mirrat INSUFFICIENCY AND A ProtoprastoLtic Sounp (G) 
Both the systolic and the diastolic out-thrusts are well sustained and they do not show 
the sharp inflections and other extraneous vibratory movements. 
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1). It rises sharply to the peak of outward thrust 
in 0.04 to 0.06 second, and is followed by a sharp 
downward dip (inflection). Similar sharp upward 
and downward swings in the apex cardiogram are 
seen with each apical thrust during ventricular 
systole. Finger pressures of varying abruptness 
and firmness were applied to the end-piece of the 
piezoelectric pulse wave pick-up to simulate apical 
out-thrusts. These maneuvers produced upward 
swings of varying sharpness not unlike the systolic 
and diastolic apex beats recorded in Figure 1. 
Each of the upward swings is followed by a sharp 
dip (inflection) of varying depth, which in turn 
is followed by a few after-vibrations. 

Apex impulses were then taken on these patients 
by attaching the glycerine capsule end-piece to the 
Lilly manometer. The systolic and diastolic api- 
cal thrusts taken by this method are shown in 
Figure 2. In this tracing well-sustained systolic 


and diastolic apical out-thrusts are recorded. The 
extraneous movements are almost entirely elimi- 
nated, and an “inflection” wave is not seen either 
during ventricular systole or in protodiastole. 


Correlation of the gallop sound with jugular vein 
pulse curve 


The practices of using the jugular pulse curve to 
time various mechanical events of the cardiac cycle 
and of correlating these events to the onset of the 
gallop sounds were investigated by simultaneous 
recording of the right atrial and jugular vein pulse 
pressures in 4 patients with right heart failure and 
right-sided gallop sounds. The delay in the trans- 
mission of pulse wave from the mid-portion of the 
right atrium to the jugular vein at the level of the 
middle of the neck was found to range between 
0.14 to 0.20 second in these patients. 

In a patient with severe right heart failure and 
a right-sided presystolic gallop sound, the pulse 
pressures of the right atrium, superior vena cava, 
and external jugular vein were recorded sequen- 
tially with phonocardiogram and electrocardio- 
gram. By selecting beats with approximately 
equal cycle lengths from the three tracings and 
then by carefully aligning the P waves in one trac- 
ing with the other two, we were able to obtain: 
1) the respective time relationships between the 
“a” wave, as recorded with a catheter in the right 
atrium, in the superior vena cava, and in the ex- 
ternal jugular vein, and the P wave in the elec- 











Fic. 3. Tracinc ILLustRATES A ProcressivE DELAY 
OF THE “a” WAVE WITH RESPECT TO THE P WAVE IN THE 
ELECTROCARDIOGRAM AS THE CARDIAC CATHETER IS WITH- 
DRAWN FROM THE RIGHT ATRIUM TO THE JUGULAR VEIN 


trocardiogram, and 2) the time relationships of 
these ‘‘a” waves obtained from different sites, with 
respect to one another. Figure 3 shows a progres- 
sive delay in the occurrence of the “a” wave in ref- 
erence to the P wave in the electrocardiogram as 
one moves the catheter from the right atrium to 
the jugular vein. This delay may be as much as 
0.14 to 0.20 second. For this reason the presys- 
tolic gallop which falls in good alignment with the 
peak of the right atrial “a” wave might well be 
related erroneously to some part of the “V” wave 
in the preceding cardiac cycle, if a jugular pulse 
curve were used for the purpose of timing. 


Correlation of the pulmonary “capillary” pressure 
with left-sided gallop 


Both right and left heart catheterizations were 
performed in 3 of the 10 patients with left-sided 
gallop sounds and predominant mitral insufficiency. 
Successful wedging of the catheter in one of the 
smaller branches of the pulmonary artery was 
achieved in all 3 patients. 

A slight delay in the transmission of the “a” 
anc “V” waves (amounting to only 0.01 to 0.03 
second) was observed in the pulmonary wedge 
pressures of these 3 patients compared with their 
respective left atrial pressure curves obtained 
subsequently by left heart catheterization or by 
direct puncture of the left heart chambers during 
cardiac surgery. The length of the pulse wave 
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transmission time seemed to be dependent upon 
the distance from the heart at which the tip of the 
catheter happened to be wedged. 


Right atrial and ventricular pressures in patients 
with right-sided gallop sounds 


Simultaneous right atrial and ventricular pres- 
sure pulse curves were obtained in two patients 
with primary pulmonary hypertension, one patient 
with an interatrial septal defect, and one patient 
with idiopathic myocarditis. All 4 patients had 
normal sinus rhythm and all of them had moderate 
to severe degrees of right heart failure with promi- 
nent right-sided gallop sounds. The records 
showed that in each case the gallop sound began 
near the peak of the atrial “a” wave. In these 
patients, the gallop sounds occurred while the 
right atrial pressure was 3 to 11 mm. Hg higher 
than that of the right ventricle. The highest atrio- 
ventricular pressure differential was observed in 
a patient with idiopathic myocarditis who had a 
P-R interval of 0.32 second and a summation gal- 
lop. Examples of the right heart pulse pressure 
studies are presented in Figures 4a and 4b, 5a and 
5b. Figure 4a was obtained from patient L.A. 
who had a large interatrial septal defect with a 
predominant left to right shunt, congestive heart 
failure, and a loud gallop sound (G) as recorded 
in the phonocardiogram. The gallop was best 
heard and was easily felt at the region of the 
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Fic. 4b. RepLorrinG THE ATRIAL AND VENTRICULAR 
PressuRE CURVES OF THE SECOND AND THIRD HEART 
Beat IN Ficure 4a on A CoMMoN BasE LINE AND ON 
THE SAME SCALE SHOWS THE RIGHT ATRIAL PRESSURE 
To BE HIGHER THAN THAT OF THE RIGHT VENTRICLE FOR 
ABouT 0.5 SECOND IN DuRATION 

The gallop sound (G) starts near the peak of the 
atrial “a” wave. 
xyphoid cartilage. The tracing shows that the 
gallop sound occurs at the peak of the atrial “a” 
wave. Replotting of the right atrial and ventricu- 
lar pressures of the second and third heart beat 
in Figure 4a on an equal and expanded scale and 
from the same base line (Figure 4b) gives a 
graphic demonstration of the relationship of the 
gallop sound to the intracardiac pressures. The 
atrial pressure was 8 to 9 mm. Hg higher than the 
ventricular pressure when the gallop sounds ap- 
peared. This pressure gradient across the tricus- 
pid valve was not maintained to the point immedi- 
ately prior to the rise of right ventricular pressure. 
No tricuspid stenosis was found during cardiac 
surgery. 

Figures 5a and 5b were made from patient M.H. 
who had idiopathic myocarditis. A routine right 
heart catheterization was performed on him 3 
years ago. The findings obtained in that study 
were within the range of normal. In the interim 
the patient went into congestive heart failure and 
developed a loud right-sided summation gallop. 
He was readmitted to the hospital for study. Be- 
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cause of X-ray evidence of an enlarged left atrium 
and the obscure nature of the cardiac lesion, a left 
heart catheterization was done to rule out mitral 
valvular disease. Simultaneous left atrial and 
ventricular pressure measurements showed no 
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Fic. 5a. SrmuttaNngous RicHtT ATRIAL AND VEN- 
TRICULAR PRESSURE CURVES OBTAINED FROM A PATIENT 
WITH IpIopATHIC MyocarpiTIs, CONGESTIVE HEART Fatt- 
URE, AND A RIGHT-SIDED SUMMATION GALLOP (G) 

Gallop sound G is recorded near the peak of the atrial 
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Fic. 5b. REPLOTTING OF THE ATRIAL AND VENTRICU- 
LAR PRESSURE CURVES IN FiGuRE 5a ON A CoMMON BASE 
LINE AND ON THE SAME SCALE SHOWS AN ELEVATION OF 
THE ATRIAL PRESSURE OVER THAT OF THE VENTRICULAR 
PRESSURE FOR ABOUT 0.4 SECOND 

The summation gallop (G) occurs near the peak of the 
atrial “a” wave where the atrio-ventricular pressure 
differential is at its peak value. 
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diastolic gradient across the mitral valve. Re- 
catheterization of the right heart (Figure 5a) 
showed elevation of the right ventricular systolic 
and diastolic pressures at this time. A summa- 
tion gallop (G) was recorded at the peak of the 
right atrial pressure curve, which, on account of 
the markedly prolonged P-R interval, occurred 
in protodiastole. Coarse vibrations were recorded 
in both the atrial and ventricular pressure curves 
at the time the gallop sound was being recorded. 
Replotting of the atrial and ventricular pressure 
curves on the same scale and from the same base 
line shows a large atrio-ventricular pressure dif- 
ferential of 9 to 11 mm. Hg during atrial systole 
and at the time of the summation gallop (Figure 
5b). 


Left atrial and ventricular pressure in patients 
with left-sided gallop sounds 


Simultaneous recordings were obtained by left 
heart catheterization of the left atrial and left ven- 
tricular pressures through two separate catheters 
in 10 patients with mitral insufficiency and gal- 
lop sound. In 7 of the 10 patients a protodiastolic 
gallop was recorded while the left atrial pressure 
was 6 to 18 mm. Hg higher than that of the left 
ventricle. In three patients with presystolic gal- 
lop the sound was recorded when the left atrial 
pressure was 3 to 6 mm. Hg above the left ventric- 
ular pressure. The left heart pressure curves ob- 
tained from a patient, M.H., with mitral insuffi- 
ciency are shown in Figure 6a. The left atrial 
pressure curve shows: 1) a small rise in early 
ventricular systole due most likely to the closure 
of the A-V valves, 2) a sharp rise in pressure dur- 
ing late ventricular systole due to mitral insuffi- 
ciency, and 3) the timing of the gallop sound to 
the lower third of the descending limb of the 
sharp “V” wave. No vibration of any kind was 
recorded in the left atrial pressure curve either 
during or after the occurrence of the gallop sound. 
On the other hand, a marked increase in coarse 
vibrations is seen in the left ventricular pressure 
curves in early diastole. The diagnosis of mitral 
insufficiency was confirmed at operation and was 
subsequently proven at autopsy. When the left 
atrial and ventricular pressure curves are plotted 
from the same base line and on a common scale, 
it is clear that the left atrial pressure is 12 to 13 
mm. Hg higher than the left ventricular pressure 
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Fic. 6a. SrmuLtangeous Lerr ATRIAL AND VENTRICU- 
LAR PRESSURES OBTAINED FROM A PATIENT WITH MITRAL 
INSUFFICIENCY, HEART FAILURE, AND A PROTODIASTOLIC 
Gator Sounp (G) 
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Fic. 6b. REPLOTTING OF THE PRESSURE CURVES IN 
Ficure 6a on A ComMMON BAsE LINE AND ON THE SAME 
ScaLE SHows THE GALLop Sounp (G) Occurs AT THE 
Lower THIRD OF THE DESCENDING LIMB OF THE EXAcG- 
GERATED “VJ” WAVE 
The atrial pressure is higher than the ventricular pres- 
sure before, during and after the protodiastolic gallop 
sound. 


at the moment the gallop sound occurs (Figure 
6b). 
DISCUSSION 


Those investigators, who in their attempts to 
marshall evidence in support of the theory of 
reflux closing of the atrio-ventricular valves as 
the mechanism for the production of the gallop 
sound, have repeatedly emphasized the importance 
of apical impulse recordings in the study of pa- 


tients with protodiastolic gallop (11-13). They 
have contended that the momentary retraction or 
the “sharp inflection” recorded in the tracing fol- 
lowing the initial outward thrust is supportive of 
the assumption that the gallop sound is invariably 
accompanied by a reflux of blood in the direction 
of the atrium. In the present investigation, how- 
ever, it was demonstrated that when a piezoelec- 
tric pulse wave pick-up with A-C coupling and a 
very short time constant is used to record the 
apical impulse, a sharp inflection is almost always 
recorded following the initial upswing. Indeed, 
these artificial retraction waves were recorded 
when direct finger pressure was applied to the 
end-piece of the recording set. Apical impulses 
obtained in these patients with gallop sounds by 
using the amplifying system of a Lilly manometer 
which has a steady time constant failed to show 
the retraction wave after the initial out-thrust. 

The proponents of the valvular theory of the gal- 
lop sound also look for support in the study of the 
jugular venous pulsations (7, 8, 11-13). The 
demonstration of a delay of 0.14 to 0.20 second in 
the transmission of the venous pulse from the right 
atrium to the jugular vein clearly invalidates its 
use in an attempt to correlate gallop sound with 
certain events within the heart. The delay in ve- 
nous pulse transmission time coupled with differ- 
ences in the diastolic interval (the heart rate) be- 
tween patients can also explain the controversies 
raised in the current literature with regard to 
whether the gallop sound should fall on the peak or 
on various points along the descending limb of the 
venous “V” wave. 

It has been further suggested that an “h” (7) or 
“b” (8) or “f” (19) wave may be identified as an 
upward peak of venous reflux in the jugular pulse 
curve which follows the “V” wave in early diastole ; 
and that the V-h trough is synchronous with the 
third heart sound. A careful study of the pulse 
wave recorded directly from the left atrium, how- 
ever, did not reveal any sign of an upward peak in 
early diastole which could be considered as the 
possible origin of the so-called venous reflux wave 
observed in the jugular pulse curve (Figure 6a). 
In this connection it is pertinent to observe that 
when separate catheters are used to record the 
left atrial and left ventricular pressure curves, 
little or no extraneous vibration is recorded in 
the atrial curve while many coarse vibrations are 
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seen in the ventricular curve at the time of the oc- 
currence of the gallop sound (Figure 6a). We are 
in agreement with the suggestion (20) that a 
“pure” jugular-venous pulse is difficult to obtain 
technically. It is more than likely that the wave 
of venous reflux observed in some patients with 
protodiastolic gallop rhythm is due to the inclu- 
sion in the venous pulse of certain parts of the 
carotid or aortic pulsations. 

The hypothesis of a summation gallop as ad- 
vanced by Wolferth and Margolies (4) has been 
repeatedly confirmed by numerous clinical ob- 
servations. The large atrio-ventricular pressure 
differential recorded in one of the patients who 
had a minor grade A-V heart block and right- 
sided gallop further affirms the summation con- 
cept in the production of gallop sounds. 

Comparative study of the wedge pressure and 
left atrial pressure curve obtained from the same 
patient either by left heart catheterization or by di- 
rect puncture of the left atrium during cardiac 
surgery shows a comparatively short delay in the 
pulse wave transmission time. Hence, in the ab- 
sence of a true left atrial pressure, the pulmonary 


capillary pressure (wedge) is best suited for tim- 
ing certain left-sided intracardiac events. 

The simultaneous measurement of atrial and 
ventricular pressures on the side of the heart where 
the gallop sound originates shows that at the time 
of occurrence of the gallop sound the atrial pres- 
sure is invariably higher than the ventricular pres- 


sure. It is unlikely that the A-V valves could 
close and vibrate with the existing pressure re- 
lationships between these two cardiac chambers. 
These observations further support the view that 
an impact or sudden stretching of the ventricular 
wall is the basic mechanism of production of the 
gallop sounds. 


SUM MARY 


1. A sharp dip following an initial upswing is 
often recorded in the apex beat by using a piezo- 
electric pick-up which has a short time constant. 
The artificial wave of apical retraction can be 
eliminated by the use of the amplifying system 
of the Lilly manometer. 

2. The temporal relationships of the atrial, 
vena caval, and jugular “a” wave to the P wave 
in the electrocardiogram and between one another 
have been studied and compared. The data indi- 
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cate that a delay in the venous pulse wave trans- 
mission from the atrium to jugular vein may 
amount to 0.14 to 0.20 second. 

3. Comparing the pulmonary wedge pressure 
with the left atrial pressure obtained in the same 
patient, a small delay in the pulse wave trans- 
mission time is demonstrated. The delay is only 
about 0.01 to 0.03 second. 

4. A venous reflux wave is not demonstrated 
in the pressure curves taken directly either in the 
right or left atrium at the time the gallop sound oc- 
curs. Therefore, the upward deflection which 
comes immediately after the “V” wave in the 
jugular venous pulse is probably due to the in- 
clusion in the venous pulse of some components of 
the arterial pulse. 

5. Simultaneous atrial and ventricular pres- 
sure measurements made on the side of the heart 
where the gallop sound originates show that the 
atrial pressure is invariably higher than the ven- 
tricular pressure at the time of the gallop sound. 
These observations further support the view that a 
sudden impact or stretching of the ventricle is the 
basic mechanism involved in the production of 
gallop sounds. 
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Anemia of moderate severity occurs frequently 
in rheumatoid arthritis patients (1). These pa- 
tients show abnormalities of iron metabolism such 
as low serum iron concentration and rapid loss of 
injected iron from the plasma (1-4). Abnormali- 
ties of red cell survival have been described (5-7), 
while studies of heme pigment excretion products 
have not shown evidence of increased hemoglobin 
catabolism (8). The role of these disturbances in 
the genesis of the anemia in arthritic patients is not 
clearly understood. 


The present study was undertaken to define the 
role of changes in rates of red cell production and 
destruction in the pathogenesis of the anemia oc- 
curring in rheumatoid arthritis patients, and to 
clarify the effect of disturbances of iron metabolism 


on red cell production in these patients. An ab- 
stract of this work has been published previously 


(9). 


MATERIALS AND METHODS 


A, Clinical material 


1. Patients. The patients studied had active rheuma- 
toid arthritis and were hospitalized for at least the first 
three weeks of the study. Cases were selected without 
regard for the presence or degree of anemia. Those with 
evidence of active bleeding or past history of significant 
blood loss were excluded from the study. Study cases 
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received only conservative therapy during the period of 
this investigation, consisting of bed rest, physiotherapy, 
and salicylates. None of the study cases were known to 
have received previous blood transfusions. 

2. Controls. The control subjects were normal healthy 
adults who worked full time and had no past or present 
evidence of chronic disease or of blood loss. These sub- 
jects were selected in an age group comparable to that of 
patients studied. Controls were not screened for normal 
serum iron or hemoglobin levels. Healthy male medical 
students served as blood donors and recipients of blood 
transfusions from arthritis patients for red cell survival 
studies. 


B. Plan of study 


Patients were fasted from 8 P.M. the evening pre- 
ceding the study. From 8:30 to 9:30 A.M. blood was 
withdrawn for routine hematology and for serum iron 
determination. Immediately following this, Evans’ blue 
dye and plasma-bound radioactive iron were successively 
injected intravenously using gravimetrically calibrated 
syringes (+0.3 per cent). Samples of venous blood 
were taken from the opposite arm through an indwelling 
needle at 10-minute intervals for the first 30 minutes and 
at 30-minute intervals during the subsequent 3 to 5 hours. 
Over the next 14 to 21 days samples of venous blood were 
taken for measurement of red cell uptake of the injected 
radioiron. Stools were collected for measurement of 
fecal urobilinogen excretion. After completion of these 
studies, patients found suitable for red cell survival stud- 
ies were given a blood transfusion and had samples of 
venous blood removed every 7 to 14 days during the fol- 
lowing 120 to 140 days. 


C. Radioiron studies 


1. Isotope. Fe-59 of high specific activity (1 to 5 mil- 
licuries per milligram) was obtained from the Oak Ridge 
National Laboratory, Oak Ridge, Tennessee, in the form 
of ferric chloride. The isotope was converted chemically 
to ferric ammonium citrate and the pH of the solution 
adjusted to 6.8 to 7.0. The latter was then diluted to an 
appropriate volume and sterilized by autoclaving. 

2. Radioactivity detection techniques. All radioac- 
tivity assays were performed with gamma scintillation 
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counting equipment, using thallium-activated, sodium io- 
dide crystals. Liquid samples were counted in a 1-inch 
thick, well-type crystal. The counting efficiency was ap- 
proximately 4 to 5 per cent. All samples were counted 
under conditions of constant geometry and sufficient 
counts recorded to give a counting error of less than 2 
per cent. Standard iron solutions were counted in al- 
ternation with samples to correct for instrument variation 
and to eliminate the necessity for decay correction. Ex- 
ternal body monitoring was done using a 1-inch by 1-inch 
sodium iodide crystal housed in a lead-shielded portable 
probe which could be placed in contact with the skin 
over various organs (e.g., spleen, liver). Activity was 
expressed as “counts per minute.” 

3. Plasma Fe-59 removal rate (clearance). Heparin- 
ized plasma, freshly drawn from a normal donor, was 
used as a source of iron-binding globulin. One-tenth to 
0.3 ml. of the Fe-59 ammonium citrate was added to 12 
to 15 ml. of plasma. Less than one microgram of inor- 
ganic iron was added to each ml. of plasma and the 
plasma was then incubated at 37° C. for 30 minutes to 
insure complete binding of the added iron to available 
iron binding protein. The total radioactivity injected 
ranged from 5 to 10 microcuries, and the total quantity of 
inorganic iron injected ranged from 3 to 12 micrograms. 
Standards were prepared by appropriate saline dilution 
of an aliquot of the original Fe-59 transferrin solution 
used for injection. Plasma samples obtained during the 
3 to 5 hours after injection of the Fe-59 labelled plasma 
were assayed for radioactivity. The rate of removal of 
Fe-59 from the plasma was computed from these data 
using two different models (Figure 1). 

Model A: This computation was done by the method 
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of Huff, Hennessy, Austin, Garcia, Roberts, and Law- 
rence (10). In this model, the Fe-59 clearance is as- 
sumed to be an exponential function of time. A straight 
line was fitted by the method of least squares to the data 
(y=log Fe-59 activity [net counts per minute], X = 
time [hours]). The Fe-59 space was determined from 
the computed value of this line at zero time. The time 
required for the removal of 50 per cent of the Fe-59 ac- 
tivity was computed from these data. 

Model B: In many instances these values when plotted 
on semi-log paper showed what appeared to be a slight 
but definite curvature. Thus a second degree curve of the 
form (log counts = a + bt + ct’) was fitted by the method 
of least squares. The half-time of Fe-59 removal and 
the Fe-59 space were computed from a tangent to this 
curve at time zero by the method of Dornhorst (11). 

4. Plasma iron turnover rate. This was calculated by 
the method of Huff and his co-workers (10), using the fol- 
lowing formula: Ln 2/half time plasma Fe-59 clear- 
ance [hours]) X Fe-59 space [ml.] X serum iron concen- 
tration [mgm. per ml.] X 24= plasma iron turnover rate 
[mgm. per day] ). 

5. Red cell uptake of Fe-59. Four ml. of whole blood 
was hemolyzed with saponin and assayed for radioactivity. 
A hematocrit reading was obtained on an aliquot. The 
activity of each sample expressed as counts per minute 
per ml. of packed red cells, multiplied by the red cell 
mass of the subject, gave the total activity present in the 
red cell mass. This value, divided by the injected ac- 
tivity, gave the per cent red cell uptake of injected Fe-59. 

6. Erythrocyte iron turnover rate. This was calculated 
by multiplying plasma iron turnover rate (No. 4) by the 
maximum per cent red cell Fe-59 uptake (No. 5), and 
expressed as mgm. per day. 

7. External body monitoring. Body surveys were made 
at 30 to 60-minute intervals on the day of injection of the 
Fe-59 and at 1 to 3-day intervals thereafter. The detect- 
ing probe was placed directly on the skin over indelibly 
marked organ sites. The gross counting rate was cor- 
rected by subtracting the counting rate over the thigh 
to give the net counting rate at each organ site. An Fe-59 
standard was counted each time a body survey was done 
and the counts were then corrected for decay to the ac- 
tivity at Day One. 

8. The significance of the difference between means 
(p) was computed by the method of Aspin and Welch 
(12). 


D. Serum iron concentration 


Serum iron was determined by the method of Kitzes, 
Elvehjem, and Schuette (13), using an Evelyn photo- 
electric colorimeter and orthophenanthrolene as an indi- 


cator. Samples were tested in duplicate and any showing 
hemolysis were discarded. 


E. Plasma, red cell and total blood volume measurement 


Plasma volume was measured simultaneously with 
Evans’ blue dye and transferrin bound Fe-59. The 
method of Gibson and Evelyn (14) was used for Evans’ 
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blue plasma volume determination. Ten ml. of a 0.1 per 
cent solution of dye was injected intravenously. The 
concentration of dye in plasma samples was measured 
with a Beckman spectrophotometer, using a one-cm. light 
path, or with the micro attachment of the Evelyn colorim- 
eter. Hemolyzed samples were discarded. The con- 
centration of dye and the radioactivity present in the 10-, 
20-, and 30-minute samples were plotted against time on 
semi-log paper and the curves extrapolated back to zero 
time. The concentration of dye and the radioactivity 
present at zero time were used for calculation of plasma 
volume. The values for plasma volume as measured by 
Evans’ blue dye and transferrin bound Fe-59 agreed 
closely, the mean difference being 3 per cent. The lower 
of the two values was used for calculation of red cell 
mass. 

Total blood volume and red cell volume were calcu- 
lated from plasma volume and the mean of hematocrits 
of the blank, 10-, 20-, and 30-minute samples. Hemato- 
crits were done by the method of Wintrobe (15) and 
spun at 2,000 G for 60 minutes. The observed hematocrit 
was corrected for trapped plasma (16) and by a factor of 
0.91 to correct for the ratio of total body to venous he- 
matocrit (17). 


F. Erythrocyte survival studies 


The technique of Ashby, as modified by Ebert and 
Emerson (18), was used. Type O blood was transfused 
into type A recipients or subtype N blood was transfused 
into subtype M recipients. The number of inagglutinable 
cells remaining in the recipient’s circulation was deter- 
mined at 7 to 14-day intervals until none remained. The 
recipient’s cells were agglutinated by the use of potent, 
dried, powdered rabbit antisera (Lederle). The sample 
for counting was diluted 1:200 (0.1 ml. to 20 ml.) in 
sterile normal saline. A red cell count was performed 
on this suspension. Then approximately 0.2 ml. of this 
dilution was added to a small amount (10 to 20 mgm.) 
of the dry antiserum and shaken until all antiserum was 
dissolved. The tube was then spun at 500 r.p.m. for five 
minutes and the cells were resuspended by gentle flicking 
of the tube. This was repeated once and then the cell 
suspension was transferred to a counting chamber. A 
minimum of 500 unagglutinated cells was counted in 
each chamber when possible, and a minimum of 1,000 cells 
was counted for each sample. All counts were performed 
by the same technician, in duplicate. Black counts were 
performed on two separate occasions on all recipients, 
and only those subjects with inagglutinable cell counts 
of less than 20,000 per cubic mm. were used for this 
study. Blood was infused into recipients within 18 
hours after collection into plastic bags (Fenwal) con- 
taining A.C.D. anticoagulant solution. The blood was 
given in the form of a replacement transfusion, a phle- 
botomy of 500 to 800 ml., being followed immediately by 
an infusion of 500 to 1,000 ml. of donor blood. There- 
after, the blank count was subtracted from the observed 
gross inagglutinable cell count to give the net inagglutina- 
ble cell count per cubic mm. of blood. The net inagglu- 
tinable cell count (y axis) was then plotted against time 
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in days (x axis) on rectangular coordinate paper. A 
curve was then drawn through these points. 

NoQ curves were constructed by the technique of 
DeGowin, Ellis, Sheets, Hamilton, and Janney (19), by 
the use of the following formula: NoQ =n/(1— [t/T]). 
Where n=observed net inagglutinable cell count, t= 
time in days when the sample was drawn. However, 
rather than use an assumed value of 120 days for T as 
was done by the above authors, the observed intercept 
of the original curve with the time axis was used as T. 
NoQ values were calculated for every observed value 
of n and plotted on semi-log paper against time. These 
points described what appeared to be an exponential 
function. The rate of red cell destruction was calculated 
from these data. The percentage of red cells lost per day 
as a result of linear decay was computed from 1/T and 
the percentage of cells lost per day as a result of ex- 
ponential decay was computed from In 2/time in days re- 
quired to remove 50 per cent of the donor cells by ex- 
ponential decay alone (NoQ curve). The sum of these 
two values gave the total rate of red cell loss (per cent 
per day). 


G. Fecal urobilinogen 


This was measured by the technique of Schwartz, 
Sborov, and Watson (20), using an Evelyn photoelectric 
colorimeter calibrated with Pontacyl dye standards. All 
stools were collected for four-day periods and kept in 
opaque bottles under continuous refrigeration. Hemo- 
lytic indices were calculated by the method of Miller, 
Singer, and Dameshek (21). 


H. Miscellaneous 


Body surface area was determined from height and 
weight by the use of the DuBois nomogram (22). He- 
moglobin was measured as oxyhemoglobin with an 
Evelyn photoelectric colorimeter which was calibrated on 
the basis of Van Slyke gas analysis. Sedimentation rates 
were determined by the Rourke-Ernstene method and ex- 
pressed as the corrected blood sedimentation index 
(B.S.I.) in mm. per minute (23). Reticulocytes were 
stained with brilliant cresyl blue and counted by the dry 
method. Total circulating hemoglobin was determined 
by the product of the red cell mass and M.C.H.C. per 
100. The total circulating hemoglobin iron was calculated 
from the total circulating hemoglobin using the value of 
0.339 per cent as the iron content of hemoglobin (24). 


RESULTS 


A total of 42 patients and 10 control subjects 
was studied. The mean age of the patients was 
53.3 years, and of the controls, 51.0 years, The 
subjects are listed by number in Table I. 


A. Hematology (Table I) 


The patients studied had a lower mean hemo- 
globin concentration (11.7 Gm. per cent) than the 
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controls (14.9Gm. per cent). The female patients’ 
mean hemoglobin (11.3) was lower than the male 
patients’ mean hemoglobin (12.3). Likewise the 
female controls’ mean hemoglobin (13.1) was 
lower than the male controls’ mean hemoglobin 
(15.0). The values for hematocrit showed similar 
differences, the patients having a lower mean value 
(38.2 per cent) than the controls (43.1 per cent). 
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The red cell counts also showed similar differences, 
the patients having lower mean values (4.50 x 
10° per cubic mm.) than controls (4.76). 
Computation of red cell indices revealed that 
the patients had a lower average Mean Corpuscu- 
lar Hemoglobin (27.7 yy) than the controls 
(29.5 yy), a slightly lower average Mean Corpus- 
cular Volume (89.9 cubic micra) than controls 


TABLE I 








BLOOD 
SED. 
INDEX 
mm/min} 


HOT 
% 


RBC 


x 108 em % 


























RETICS 


PLASMA IRON 
TURNOVER 
RATE 
( mg. /day ) 


PLASMA VOL 
mi. 


EVANS 
BLUE | Fe59 























ZI. FEMALE PATIENTS 


434 1.0 
454 1.0 
4.65 
4.22 
4.37 
3.78 
4.26 
3.98 
3.54 
4.14 
4.25 
4.92 
4.29 
441 
4.79 
4.22 
4.29 
4.50 
4.81 
4.05 
Il. MALE PATIENTS 
4.24 
4.07 
4.24 
4.60 
5.15 
5.41 
4.08 
4.95 
4.78 
3.64 
4.31 
4.27 
Il. FEMALE 


39.5 4.17 
434 4.72 
41.6 4.54 
36.0 4.26 
41.8 4.41 
IZ. MALE CONTROLS 
4.90 0.25 0.9 
5.68 0.2 si 
5.47 0.1 2.0 
4.82 a 4 
4.61 0.45 


38.5 
37.5 
39.0 
35.5 
34.5 
33.6 
35.8 
35.2 
346 
40.0 
300 
443 


OOnNOWSWN — 


o-o 
o--s 


0.95 


b1tgt 


1.7 
0.5 
1.7 
1.4 
1.9 
0.8 
0.7 
1.3 
0.7 
1.25 
1.1 
CONTROLS 


0.2 


1.7 
; 0.8 
43.4 1.3 
45.0 
48.3 
37.5 
41.7 
43.3 
26.1 
41.5 
41.9 


44.4 
50.5 
46.5 
46.6 
408 





S=-=--0008--= 
GOVSAUWAMO OO 











MOD. A] MOD. 6B 





25.62 
20.89 
36.78 
35.72 
20.08 
10.40 
21.99 
24.83 
14.99 
24.81 

22.90 
30.05 
18.46 
30.53 
25.51 

15.04 
34.64 
29.96 
16.59 
29.61 


27.28 
21.83 
39.41 
38.41 
21.78 
10.80 
27.96 
25.40 
17.45 
25.89 
24.86 
30.60 
19.14 
32.49 
24.48 
16.38 
38.71 
32.94 
18.58 
32.86 


52.80 
27.26 
48.54 
59.25 
36.84 
25.27 
27.26 
40.16 
30.34 
33.80 
28.94 
30.12 


49.60 
29.52 
48.66 
56.93 
37.79 
24.17 
27.13 
37.70 
29.04 
29.21 
35.59 
29.88 


29.36 
29.16 
34.95 
27.68 
21.26 


23.79 

22.30 
26.76 
23.56 
17.95 


25.43 
27.33 
36.24 
37.62 
37.25 


2412 
23.41 
33.00 
33.74 
34.15 











MECHANISM OF ANEMIA IN RHEUMATOID ARTHRITIS PATIENTS 











MEAN CORPUSCULAR 
HGB. CONC. 
(MC.HC.) 


ISERUM IRON CONG, 
Microgroms % 


PLASMA Fe5® CLEARANCE 
Half Time (Hours ) 
( Model A} 











PATIENTS 


CONTROLS 


PATIENTS 


CONTROLS PATIENTS | CONTROLS 








a) ar) 


e] 4 


120 - 











2] 


|e Ie]¢ 


















































Fic. 2. Vatues or M.C.H.C., Serum Iron CoNCENTRATION, AND HALF- 
TiME oF PrasMA FE-59 CLEARANCE IN RHEUMATOID ARTHRITIS PATIENTS 


AND CONTROLS 


(90.8), and a lower average Mean Corpuscular 
Hemoglobin Concentration (30.5 per cent) than 
controls (32.6 per cent). It is of interest to note 
that 28 of the 32 patients studied had M.C.H.C. 
values below 32 per cent while none of the control 
subjects had a value below 32 per cent (Figure 
2), indicating that the rheumatoid arthritis pa- 
tients have a slightly hypochromic anemia. All 
patients showed an elevated erythrocyte sedimen- 
tation rate. No significant reticulocytosis was 
found in the patients. All of the patients studied 
had negative Coombs’ tests. 


B. Serum iron concentration 


The mean serum iron concentration in the pa- 
tients was significantly lower than that of the con- 
trols, the mean value for patients being 41.5 mi- 
crograms per cent and for the controls 90.5 micro- 
grams per cent. Whereas a wide range of values 
was found in both groups (Figure 2), the standard 


error of the difference between the means was 8.80, 
giving a t value of 5.56. The probability that so 
large a difference between means was due to 
chance alone (p) is less than 0.001. 


C. Radio-iron studies 


1. Plasma radioiron removal rate. The period 
of time in hours required for the removal from the 
plasma of one-half of the transferrin-bound radio- 
iron is referred to as the “half-time of plasma 
radioiron removal” (clearance). Using Model 
A, the mean half-time for the patients (0.70 hour) 
was definitely shorter than for the controls (1.53 
hours). The distribution of these values is shown 
in Figure 2. The difference between these means 
is highly significant, the standard error of the 
difference being 0.137, the t value 6.05, and the 
p value less than 0.001. A definite linear relation- 
ship was found to exist between the serum iron 
concentration and the half-time of plasma radio- 
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Fic. 3. RELATIONSHIP BETWEEN SERUM [RON CONCENTRA- 
TION AND HatF Time or PLasMA FeE-59 CLEARANCE 


r=0.77, p= < 0.001. 


iron clearance (Figure 3), the coefficient of cor- 
relation (r) being 0.775, p< 0.001. This indi- 
cates that in the subjects studied a lower serum 
iron concentration is associated with a more rapid 
rate of removal of iron from the plasma. 

Using Model B gives a slightly more rapid rate 
of plasma radioiron removal. The mean value for 
half-time of plasma iron removal for patients was 
0.65 hour and for controls 1.27 hours. The dif- 
ference between these means was also significant, 
p being less than 0.001. 





COUNTS /MINUTE x 104 











SSS ae | 
' 2.34 
Hours 





Days 





Fic. 4. ExtTernat Bopy Monirorinc In A RHEUMATOID 
ARTHRITIS PATIENT 
Values for plasma and red cells were determined from 
measurement of blood samples. All other values were 
determined by external probe counting over indicated 
sites. 
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Fic. 5. Rep Cert INcoRPORATION OF INTRAVENOUSLY 
INJECTED RADIOIRON 


2. External body monitoring. These studies 
were performed on 11 patients, 7 females and 4 
males. All patients showed qualitatively the same 
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Fic. 6. RetationsHir BETWEEN SERUM IRON COoN- 
CENTRATION AND THE RATE oF Rep CELL UPTAKE OF 
RADIOIRON 

The per cent uptake at four days is used as an index 


of the rate of incorporation of radioiron into red cells. 
r=— 0.63, p= < 0.001. 
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Table II 
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pattern (Figure 4). The major change in ac- 
tivity occurred at the marrow site (sacrum), a 
rapid rise occurring during the first 4 to 5 hours 
after injection of the radioiron, followed by a slow 
continued rise during the next 24 hours. There- 


after, a rapid decline in activity occurred over the 


ensuing 3 to 6 days. The counting activity over 
the liver, spleen, and sternum reflected, in general, 
the changes observed in the blood measured over 
the heart, where a moderate fall in activity was ob- 
served during the first 24 hours followed by a 
moderate rise during the succeeding 3 to 7 days. 
This indicated that the major portion of radioiron 
removed from the plasma was deposited in the 
bone marrow, whence it was discharged into the 
blood in newly formed red cells. No evidence was 
found in these patients to suggest a diversion of 
plasma radioiron to other organs such as liver and 
spleen. The ferrokinetic pattern found in these 
patients was comparable to that found in normal 
subjects (25). 

3. Red cell uptake of radioiron. The rate of 
radioiron incorporation into red cells is shown in 
Figure 5. Both patients and controls showed 
rapid uptake by red cells of 70 to 95 per cent of the 
injected radioiron in the 7 to 10 days following in- 
jection. The curves for the patients show a slightly 
more rapid initial slope of uptake, suggesting some 
relationship between serum iron concentration and 
the rate of red cell uptake. This relationship is 
shown in Figure 6, the percentage red cell uptake 
at 4 days serving as a measure of uptake rate. 
Subjects with lower serum iron concentrations 


showed more rapid uptake of injected radioiron. 
A similar relationship existed between the per cent 
uptake at 3, 5, or 6 days and the serum iron con- 
centration. 
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Fic. 7. VALvuEs For Rep Cett RENEWAL RATE IN RHEU- 
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4. Iron turnover rates (Table II). Using 
Model A, the mean value for the mgm. of plasma 
iron turned over per day was slightly but not 
significantly higher for patients than for controls. 
In both patients and controls, the mean values for 
males were definitely higher than for females, re- 
flecting the larger body size of the males. When 
the iron turnover rates were corrected for body 
size the values for males and females were com- 
parable. The mean plasma iron turnover rate 
corrected for body weight was significantly higher 
for patients than for controls. However, when 
the turnover rates were corrected for other param- 
eters of body size such as surface area and total 
blood volume, the mean values for patients were 
not significantly higher than those for controls. 
There was no relationship between the serum iron 
concentration and the computed values for plasma 
iron turnover rate, the coefficient of correlation 
being 0.06, with a standard error of 0.15. Simi- 
larly, no correlation existed between serum iron 


Exp. 1 Exp. 2 
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concentration and plasma iron turnover rate cor- 
rected for body weight, nor between the half-time 
of plasma radioiron removal rate and plasma iron 
turnover rate. 

The values for red cell iron turnover rates 
showed differences between patients and controls 
which were similar to those for plasma iron turn- 
over rates. The rate of renewal of the circulating 
red cell mass can be computed by correcting the 
red cell iron turnover rate for red cell mass since 
one ml. of packed red cells contains approximately 
one mgm. of iron. The mean red cell renewal rate 
(mgm. per 100 ml. red cell mass per day) was sig- 
nificantly higher for patients than for controls. 
Because the patients had a lower average Mean 
Corpuscular Hemoglobin Concentration than con- 
trols, a more exact comparison of red cell iron re- 
newal rates would be obtained on the basis of cir- 
culating hemoglobin iron. When red cell renewal 
rates were expressed as mgm. per 100 mgm. hemo- 
globin iron per day, the difference between patients 
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Fic. 8. SurvivAt oF NorMAL Rep CELLS IN RHEUMATOID ARTHRITIS PATIENTS 


In each experiment the observed net inagglutinable cell counts (opea circles) are plotted on Cartesian Coordinates 
in the lower curve, while the computed NoQ values (solid circles) are plotted on semi-log coordinates in the upper 


curve. 
and shown in Figure 9. 


Experiments are numbered in order of increasing abnormality. Experiments Nos. 3, 9, 10, and 11 are omitted 
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Fic. 9. SurvivAL oF RHEUMATOID ARTHRITIS PATIENTS’ Rep CELLS IN NoRMAL RECIPIENTS 


The data on survival of patients’ red cells in normal recipients are placed immediately below the data on survival of 


normal red cells in their respective donor patients. 


and controls was greater, the mean value being 
significantly higher in patients. 

Using Model B for computation of iron turn- 
over rates gives slightly higher values than were 
obtained using Model A. ‘This effect was more 
marked in controls than in arthritis patients, re- 
sulting in a decrease in the differences between 
means. The mean values obtained for plasma 
iron turnover rate using Model B show no signifi- 
cant differences between patients and controls, with 
or without corrections for body weight, surface 
area, blood volume, or red cell mass, p values ex- 
ceeding 0.1 in all instances. However, the rate 
of red cell renewal or the red cell iron turnover 
rate expressed either as mgm. per 100 ml. of red 
cell mass or mgm. per 100 mgm. hemoglobin iron 
is still significantly greater for patients than for 
controls (Figure 7). 


D. Erythrocyte survival studies 


The survival of red cells from normal donors 
was studied in 13 rheumatoid arthritis patients 








Thus, the patient of Experiment 11 served as the donor for the 
red cells whose survival in a normal recipient is shown in Experiment Ila. 


(Figures 8 and 9). Eight of the patients were fe- 
males and five were males. One male patient was 
studied on two separate occasions. These ex- 
periments are numbered in order of increasing ab- 
normality of cell survival. In Experiment No. 1, 
the inagglutinable cell counts declined at an even 
rate to the baseline in about 120 days, indicating 
predominantly linear (“senescent”) loss of red 
cells, and the NoQ curve is virtually horizontal, 
indicating minimal exponential (“random”) red 
cell destruction. In successive experiments the 
inagglutinable cell count curves are increasingly 
curvilinear and the NoQ curves progressively 
more vertical, indicating greater degrees of random 
red cell destruction. 

In four cases we were able to study simultane- 
ously the survival of the patients’ red cells in a 
normal recipient (Figure 9). None of the normal 
recipients developed any symptoms or signs of 
rheumatoid arthritis following transfusion of blood 
from the patients. One recipient developed a 
transient febrile episode, but otherwise the trans- 

















FREIREICH, ROSS, BAYLES, EMERSON, AND FINCH 


Tobie II 


RATE OF RED CELL DESTRUCTION 
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fusions were uneventful. These experiments are 
indicated by the letter “a” and numbered to cor- 
respond with their respective donor patient. Thus, 
the patient studied in Experiment No. 3 served as 
the red cell donor for Experiment No. 3a. In all 
four normal recipients the inagglutinable cell count 
curves were virtually linear and the NoQ curves 
almost horizontal, indicating predominantly linear 
(“senescent”) loss of the transfused patients red 
cells. In contrast, three of the donor patients 
showed an increased “random’”’ loss of normal red 
cells (Experiments Nos. 9-11). 

The rates of red cell destruction computed from 
these data are listed in Table III. The mean rate 
of red cell loss in the patients studied was 1.46 per 
cent per day, ranging from 0.94 per cent per day, a 
value within the control range, to 2.39 per cent per 
day, more than double the control rate. This in- 
creased rate of red cell loss was predominantly the 
result of an increased rate of exponential loss of 
red cells. The rates of linear loss showed only 
small differences. The mean rate of red cell loss 
in the normal recipients was 0.97 per cent per day, 
ranging from 0.78 per cent to 1.10 per cent per 
day. All the normal recipients showed predomi- 


nantly linear loss of red cells. The red cells lost 
at the lowest rate in the normal recipient (Experi- 
ment lla) came from the donor patient in whom 
the rate of loss of normal cells was highest of the 
four donor patients, while the cells lost at the 
highest rate in the normal recipient (Experiment 
No. 3a) came from the patient in whom the rate 
of loss of normal cells was lowest of the donor 
patients. The patient studied on two separate 
occasions showed a slightly lower rate of cell loss 
in the second study (Experiment No. 6) per- 
formed 5 months after the first study (Experiment 
No. 10). 


E. Fecal urobilinogen excretion (Figure 10) 


Forty-six measurements of fecal urobilinogen 
excretion were carried out in 21 patients. Fifty- 
five per cent of these values were below 50 mgm. 
per day, and only three values were above 150 
mgm. per day, all obtained on the same patient. 
Many of the patients studied were at complete bed 
rest, and as a result chronically constipated despite 
the use of saline cathartics. Accordingly, many 
four-day stool specimens weighed less than 300 
Gm. and yielded low values for fecal urobilinogen. 
In addition, any errors of measurement (¢.g., in- 
complete reduction or extraction in benzene) re- 
sulted in lower recoveries of urobilinogen. To 
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Fic. 10. Frcat UrospiLiInoGEN EXCRETION IN RHEUMA- 


ToID ARTHRITIS PATIENTS 
All of the values obtained are shown in Column A. 
The highest value of repeat determinations in any given 
patient is shown in Column B. 
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minimize these effects only the highest value ob- 
tained on repeat samples in a given patient are 
shown in scattergram B, Figure 10. Using this 
method, 38 per cent of the values were below 50 
mgm, per day and only one above 150 mgm. per 
day. The mean value is still in the normal range. 

Rates of urobilinogen excretion were corrected 
for red cell mass and expressed as hemolytic in- 
dices. The mean of ali the determinations (12.1) 
was in the low normal range. Using only the high- 
est value obtained on each patient, the mean value 
(14.2) fell within the normal range. 


DISCUSSION 


A. Iron metabolism 


This study indicates that rheumatoid arthritis 
patients utilize circulating transferrin-bound 
plasma iron for erythrocyte production in a normal 
manner. Seventy to ninety-five per cent of the 


plasma iron is utilized for red cell production and 
no significant amount of iron is diverted from the 
plasma to organ sites other than the bone marrow. 
In the patients studied, the plasma radioiron was 


removed more rapidly from the plasma and in- 
corporated more rapidly into red cells than it was 
in the normal subjects. This difference may be 
explained on the basis that the radioiron was in- 
troduced into a smaller plasma iron pool in the pa- 
tients, since the lower the serum iron concentra- 
tion, the more rapid the rate of removal from the 
plasma and the rate of incorporation into red cells 
of the injected radioiron. 

Previous studies of iron metabolism in patients 
with chronic inflammation, including patients with 
rheumatoid arthritis, have shown diminished red 
cell utilization (26-28), and increased tissue depo- 
sition of injected radioiron (29). These studies 
differed from the present one in that the injected 
radioiron was not bound to transferrin, and the 
amounts of carrier iron injected often exceeded 
the total iron-binding capacity of the plasma. 
More recent studies using trace quantities of radio- 
iron in patients with chronic infection (30) and 
rheumatoid arthritis (31) have given results simi- 
lar to ours. Thus, while patients with chronic 
inflammation show unimpaired red cell uptake of 
circulating plasma iron, they do show impaired up- 
take of relatively large quantities of unbound iron, 
the greatest proportion of which is deposited in the 
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reticulo-endothelial tissues. This suggests that the 
release of iron from the reticulo-endothelial tissues 
to the plasma may be impaired in these patients. 
Confirmation of this hypothesis has recently been 
obtained in animal experiments which indicate 
that in the presence of sterile inflammation the rate 
of reutilization of iron from non-viable red cells 
is reduced, whereas the utilization of transferrin- 
bound plasma iron is not impaired (32). A di- 
minished rate of release of iron from the reticulo- 
endothelial system to the plasma, coupled with a 
normal rate of migration of iron from the plasma 
to erythropoietic tissue, would adequately explain 
the low plasma iron concentration that is so con- 
sistently found in association with rheumatoid 
arthritis and other inflammatory states. 

The total amount of iron turned over per day 
through the plasma and into the red cells was not 
significantly different for the patients and the 
controls. When the turnover rates were compared 
on the basis of body weight, the rates for patients 
were significantly greater than for controls. How- 
ever, because the patients are chronically ill and 
are poorly nourished, body weight could be criti- 
cized as an unsatisfactory basis for comparison 
with normals. This was emphasized by the fact 
that the use of body surface area or total blood 
volume as a basis for comparison showed no sig- 
nificant difference between patients and controls. 
Thus, the mean rate of hemoglobin production 
was similar for patients and controls. Since the 
patients had a decreased circulating red cell mass 
and a normal rate of hemoglobin production, it 
follows that the rate of red cell renewal should 
have been increased. Computation of red cell re- 
newal rates did give significantly higher rates for 
patients than for controls, the patients showing 
a mean renewal rate 1.5 times that of controls. 
Since the patients had fairly constant hemoglobin 
levels, the rates of red cell destruction were prob- 
ably similar to the rates of cell renewal. This in- 
dicates that the patients have a higher rate of red 
cell destruction, or expressed in another way, a 
shorter red cell life span than the controls. 

As described above, the turnover rates for 
plasma and red cell iron have been computed us- 
ing the model proposed by Huff and his co-work- 
ers (10) (Model A). This model describes 
plasma radioiron clearance as an exponential func- 
tion of time. However, careful inspection of our 
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data revealed a slight but definite curvilinearity, 
as has also been reported by Sharney, Schwartz, 
Wasserman, Port, and Leavitt (33). The mean 
curvature was found to be greater for patients 
(c = 5.38 x 10°) than for controls (c = 4.56 x 
10°). For this reason Model B was developed 
and introduced. This model probably does not 
have great biological significance but it does al- 
low an estimate to be made of the effect of this 
curvature on the observed differences. Accord- 
ingly, the turnover rates were recalculated using 
Model B in which plasma radioiron removal is 
assumed to be curvilinear. While the resulting 
differences between patients and controls were 
slightly decreased, these data confirmed the find- 
ings derived from Model A. Again, plasma iron 
turnover rates were not significantly different for 
patients and controls, while the red cell renewal 
rates were significantly greater in patients than 
controls. 

These estimates of red cell production rates are 
based on data obtained during the morning hours 
only. A diurnal variation in plasma iron concen- 
tration (34, 35) and plasma iron turnover rate 
It is possible that 


(36) has been demonstrated. 
this diurnal variation is sufficiently different for 
patients and controls to alter the data presented. 
However, the rate of plasma iron removal was re- 
lated to the plasma iron concentration, suggesting 
that a decrease in plasma iron concentration would 
be associated with an increased rate of removal of 


iron from the plasma. The rate of plasma iron 
turnover was not related to the plasma iron con- 
centration suggesting that a decrease in plasma 
iron concentration would not be associated with 
any consistent change in plasma iron turnover 
rate. In addition to diurnal variation, errors in 
measurement of blood volume, serum iron levels, 
plasma radioiron clearance rates and perhaps un- 
known factors, may influence the computation of 
red cell renewal rates. As a result, the use of this 
method for detecting moderate alterations of red 
cell production in individual instances is often 
difficult. However, in the present study, patients 
and controls were studied under identical condi- 
tions and subject to similar errors. The number 
of subjects studied, the high level of significance 
of the difference between patient and control 
groups, and the confirmation of these data ob- 
tained with the use of Model B would indicate that 
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the patients studied do show a moderate increase 
in red cell renewal rate when compared to controls. 


B. Red cell survival 


More than half of the rheumatoid arthritis 
patients studied showed increased rates of destruc- 
tion of normal red cells. This increase in erythro- 
cyte destruction was primarily the result of in- 
creased random loss of red cells. The potential 
life span of the red cells was not significantly 
shortened. When the cells from an arthritis pa- 
tient were transfused into a normal recipient they 
showed a normal survival. This would indicate 
that the patients’ red cells are not intrinsically de- 
fective, and that a defect extinsic to the red cell is 
responsible for the shortened survival in the 
patient. 

If the patient’s own red cells are destroyed in 
the same manner as the transfused normal cells, 
then patients showing increased rates of random 
red cell destruction should have a cell population 
containing a higher proportion of young red cells. 
When the younger red cell population is trans- 
fused into a normal recipient the rate of red cell 
loss should be less than normal. The data ob- 
tained from transfusion of patients’ cells into nor- 
mal recipients suggest that this was actually the 
case. The destruction rate of patients’ cells was 
lower in the normal recipients when the destruc- 
tion rate of normal cells was faster in the donor 
patient. A recent study by Alexander, Richmond, 
Roy, and Duthie (7) has also shown shortened 
survival of normal red cells in arthritis patients. 
They found in addition that red cells from an ar- 
thritis patient when transfused into another ar- 
thritis patient showed a cell survival which was 
better than that of normal red cells in that patient. 
These findings are consistent with the hypothesis 
that the arthritis patients have a cell population 
containing a greater proportion of young cells 
which show better survival than blood from a 
normal donor containing a normal cell population 
of all ages. These observations suggest that rheu- 
matoid arthritis patients frequently show increased 
rates of destruction of their own circulating red 
cells. Similar findings of shortened red cell sur- 
vival have been reported in anemias complicating 
cirrhosis, uremia (37, 38), and malignant dis- 
eases (39,40). No immune mechanism could be 
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detected, and the cause of the shortened cell sur- 
vival is not known. 

Normal cells have been found to disappear in 
approximately linear fashion at a rate of 0.85 to 
1.0 per cent per day in normal subjects. Some fe- 
males who are apparently normal show slightly 
shortened red cell survival (41). This could ac- 
count in part for the greater rates of red cell de- 
struction found in the female patients in this series. 
However, half of our male patients showed in- 
creased destruction, while three-quarters of the 
females showed abnormal survival. Cells from a 
female patient were capable of normal survival 
when transfused into a normal recipient. Finally, 
a decrease in red cell survival regardless of cause 
would require an increase in red cell production 
to maintain normal hemoglobin levels. 

When destruction rates estimated from survival 
data were compared with renewal rates estimated 
from radioiron data in each individual patient stud- 
ied, a poor correlation was found, the coefficient of 
correlation being 0.3. Because of the small num- 
ber of patients studied with both techniques, the 95 
per cent confidence limits of this coefficient ranged 
from — 0.2 to 0.7. The inadequacy of the sample 
size for such a correlation is emphasized by the 
fact that elimination of a single subject (Survival 
Exp. No. 2) results in a correlation coefficient of 
0.5. Thus, these data do not establish the pres- 
ence or absence of a positive correlation between 
these measurements. In addition, the study was 
not designed to test this relationship, since these 
two measurements were made at different times, 
separated by a 2 to 3-week interval. Moreover, 
these measurements were made over very different 
periods of time, the radioiron measurements being 
made over a 4 to 6-hour period, while the survival 
measurements were made over a 4-month period. 
Only if the rates of cell production and destruction 
were constant for the 5-month period of study, or 
if these two measurements were made simultane- 
ously over similar periods of time, could such a 
correlation be expected. For these reasons, data 
obtained with each method in patients were com- 
pared with controls studied with the same method, 
under identical conditions. When this was done 
the data obtained from the survival studies are in 
agreement with the radioiron data, indicating a 
moderate increase in rates of cell destruction in 
the patients studied. The mean rate of cell de- 
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struction computed from survival studies was 1.55 
times greater for patients than for controls and 
the mean rate of red cell renewal computed from 
radioiron data was 1.48 times greater for patients 
than for controls. 


C. Fecal urobilinogen excretion 


The rheumatoid arthritis patients were found to 
excrete normal to decreased quantities of fecal 
urobilinogen. Similar findings have been previ- 
ously reported (8, 42). This indicates that normal 
amounts of hemoglobin are destroyed per day in 
the patients, which confirms the findings of the 
radioiron studies. It should be emphasized that 
the increased rates of cell renewal and destruction 
found with the radioiron and survival techniques 
do not necessarily indicate that an increased quan- 
tity of red cells are destroyed, since an increased 
percentage of cells destroyed together with a 
smaller red cell mass could result in a normal or 
even decreased quantity of hemoglobin breakdown. 
When urobilinogen excretion was related to red 
cell mass and expressed as hemolytic index, the 
mean value for the patient group is within the 
normal range. This does not agree with the above 
findings of increased rates of red cell renewal and 
destruction. However, chronic constipation in the 
bed-ridden arthritis patients could have resulted 
in falsely low values for fecal urobilinogen (43). 
Moreover, this method may not be sufficiently 
sensitive or accurate to detect the moderate in- 
crease in rates of hemoglobin destruction demon- 
strated by the other methods. 


D. The mechanism of the anemia in arthritis 
patients 


The mean values obtained in our patients indi- 
cate that the rate of cell destruction was increased 
while the quantity of red cell production was com- 
parable to normal controls. Anemia results be- 
cause erythropoiesis fails to increase in order to 
compensate for the increased hemolysis. While 
this describes the average arthritis patient, there 
were patients with normal red cell life span and 
diminished cell production. There were other pa- 
tients showing shortened red cell life span associ- 
ated with an increase in cell production, which, 
however, was inadequate to compensate for the 
increased rate of destruction. In all of these situ- 
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ations the bone marrow fails to respond adequately 
to the stimulus of anemia. Increased hemolysis is 
an additional factor in the production of anemia, 
however, since red cell production in normal mar- 
row can increase 6 to 8 times (44), it is apparent 
that red cell production does not increase in the 
arthritic patient to a degree possible in the normal. 

A mild but definite hypochromia of the red cells 
was present in the arthritis patients in the present 
study, as well as in other studies (1, 42, 45). 
Thus, the anemia of arthritis resembles morpho- 
logically the anemia of iron deficiency. Other sim- 
ilarities of these two anemias include a consistently 
decreased serum iron concentration, rapid re- 
moval of iron from the plasma, increase in serum 
copper, increase in free erythrocyte protoporphy- 
rin, low serum bilirubin, and low fecal urobilinogen 
excretion (2). These similarities suggest that a 
diminished supply of iron for erythropoiesis may 
play a role in the impaired marrow function in 
these patients, despite adequate tissue iron stores 
(46). Failure of iron to be released from the 
reticulo-endothelial cells to the plasma at a normal 
rate could be responsible for hypoferremia and a 
decrease in the amount of iron available for red 
cell production. That this abnormality in iron 
metabolism does contribute to the anemia is indi- 
cated by the fact that a significant correlation was 
found to exist between the degree of hypoferremia 
and the severity of the anemia in our patients 
(Figure 11). This has also been found in other 
studies (1,2). Moreover, if a diminished supply 
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of iron to the plasma plays a role in the production 
of anemia, then correction of the hypoferremia for 
prolonged periods of time should improve the 
anemia. While studies of the effect of iron ther- 
apy have been variable, several investigators using 
large doses of intravenous iron given over pro- 
longed periods have reported definite improvement 
in the anemia (42, 45, 47). Since the character- 
istics of the anemia of arthritis are similar to 
those of the anemia associated with chronic in- 
fection and inflammation, and to other secondary 
anemias (2), similar mechanisms may exist in 
these conditions. 


CONCLUSIONS 


Patients with rheumatoid arthritis show normal, 
unimpaired utilization of plasma iron for erythro- 
cyte production. The amount of erythrocyte he- 
moglobin produced by these patients is approxi- 
mately the same as in normal subjects. However, 
rates of red cell destruction and red cell renewal 
are abnormally increased. Increased red cell de- 
struction results primarily from a greater random 
destruction of cells, the potential life span of the 
cells being virtually normal. The patients’ eryth- 
rocytes proved capable of normal survival in a nor- 
mal individual, indicating that the hemolytic 
mechanism in this disease is based on some factor 
associated with the red cell environment rather 
than on a defective quality of the red cell. Anemia 
reflests the failure of their bone marrow to respond 
adequately to the increased need for erythrocyte 
production. A defect in the release of iron from 
the R.-E. tissues to the plasma, resulting in hypo- 
ferremia and an inadequate supply of iron for red 
cell production, contributes to the impaired capac- 
ity of the bone marrow for red cell production. 
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A STUDY OF THE QUANTITATIVE RELATIONSHIP BETWEEN 
ANTIDIURETIC HORMONE (VASOPRESSIN) AND THE 
RENAL TUBULAR REABSORPTION OF WATER? 
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There is little available information regarding 
the quantitative relationship between the rate of 
secretion of antidiuretic hormone (ADH) and 
the rate of reabsorption of water by the renal 
tubules. From the work of Shannon (1) and 
Lauson (2) it has been suggested that in both 
dogs and adult humans the rate of secretion of 
ADH is equivalent to the intravenous adminis- 
tration of vasopressin at rates varying from less 
than 0.1 to more than 0.7 milliunit per hour per 
kilogram of body weight. Utilizing the endoge- 
nous creatinine U/P ratios as an index of the 
renal response, these authors both demonstrated 
a curvilinear relationship between the rate of 
infusion of vasopressin and the response of the 
kidney. The lowest rates of infusion of vaso- 
pressin studied were sufficient to produce a 
marked reduction in the rate of urine flow and 
increase in the endogenous creatinine U/P ratios, 
and there do not appear to be any data which 
define the quantitative relationship between ADH 
and the renal reabsorption of water in the range 
in which the concentration of the urine is gener- 
ally less than that of the plasma. The current 
studies were designed to establish this relation- 
ship with the additional hope that its character- 
istics might provide some insight with respect to 
the mode of action of ADH. 
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PROCEDURE AND METHODS 


Each experiment was designed to compare the rate of 
urine flow (V) and the clearance of free water (Cu,0) (3) 
during maximal water diuresis with the urine flow and 
clearance of free water during the infusion of vasopressin, 
at one or more constant rates. 

The subjects were all apparently healthy young adult 
men of ages twenty to thirty-five. No food or water was 
allowed for 10 to 12 hours prior to all but three of the 
experiments. In three studies (R.W., D.R., and E.D., 
1/10/55), an attempt was made to increase (R.W. and 
E.D.) or decrease (D.R.) the rate of solute excretion. 
R.W. and E.D. (1/10/55) received 25 grams of sodium 
chloride per day added to their diets for two days prior 
to the study, and a portion thereof on the morning of the 
study upon arising. D.R. received only water ad lib. plus 
200 grams of sucrose per day for two days prior to the 
study. No smoking was permitted for 8 hours prior to or 
during each experiment. All experiments were started 
between 7:30 and 8:30 A.M. and lasted from 6 to 11 hours, 
during which the subjects remained recumbent. Urine 
was collected through an indwelling Foley catheter with 
the aid of manual supra-pubic pressure. Venous blood 
was collected under oil through a Cournand needle which 
remained in an antecubital or forearm vein throughout 
each study. Approximately 0.25 ml. of heparin (1:1,000) 
was injected into the Cournand needle after each blood 
sample was obtained. No food or water was ingested 
during the experiments. 

The basic design of the studies was as follows: In order 
to suppress the endogenous secretion of ADH as com- 
pletely as possible, a positive balance of water of approxi- 
mately one liter was produced in each subject, usually 
during the first hour, by the intravenous infusion of a 
solution of 34 per cent dextrose, 3} per cent invert sugar, 
or 5 per cent invert sugar, in water. This positive balance 
was subsequently maintained by adjusting the rate of 
infusion so that it approximated the rate of urine flow 
(infusion controlled by an Omega Machine Company 
“blood” pump which compresses the infusion tubing). In 
some experiments a maximal water diuresis was observed 
initially, followed by one or more constant infusions of 
vasopressin. In other experiments this order was reversed, 
and in a few studies an infusion of vasopressin was brack- 
eted by periods of maximal water diuresis. In one subject 
(R.S.), one rate of infusion of vasopressin (0.5 milliunit 
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per hour) was compared with a preceding maximal water 
diuresis; another rate of infusion (1.0 milliunit per hour) 
was compared with a subsequent maximal water diuresis. 
All infusions of vasopressin and all maximal water diureses 
were continued until an equilibrium appeared to have been 
achieved ; 7.e., an approximately constant rate of urine flow 
for at least 2 to 3 collection periods of 10 minutes or more. 
Venous blood was obtained through the Cournand needle 
near the end of each such series of “‘equilibrium”’ periods, 
usually at the start of the last period. Studies were elimi- 
nated if emotional factors appeared to have influenced the 
results, but it is obviously impossible to know that they 
were not involved in those reported. 

Two separate lots of Pitressin®® were used: the first 
(RH-303 M, studies 1 through 5) was several years old but 
was used only during a three-month period and was re- 
assayed (pressor activity) by the Parke, Davis and Com- 
pany laboratories during that period; the second lot (R 
189750, studies 6 through 9) was generously supplied new 
by Parke, Davis and Company and was assayed by them 
before and after the experiments. The first lot apparently 
had deteriorated by about 50 per cent, and this fact has 
been incorporated in the rates of infusion reported. The 
pre- and post-experimental assays on the second lot indi- 
cated no significant decrease in pressor potency. The 
appropriate dilutions of vasopressin were all prepared 
from freshly opened ampoules in 5 per cent invert sugar and 
water immediately before infusion, and were all admin- 
istered intravenously at a constant rate of approximately 
1 ml. per minute controlled by a Bowman finger-type 
infusion pump. The constancy of this pump was studied 
on several occasions and showed a variation of less than 
0.1 ml. per minute over a period of 8 or more hours. The 
rates of infusion were checked in each experiment by timing 
the infusions and by weighing the bottles of vasopressin 
before and after completion of the infusions. 

Inulin was administered intravenously as a 2} per cent 
solution in 5 per cent invert sugar and water at a constant 
rate of approximately 1 ml. per minute. Because of tech- 
nical difficulties subsequent to the experiments, most of the 
analyses for inulin were unsatisfactory and clearances of 
inulin cannot be reported. 

The osmolal concentrations of the serum and urine were 
measured on the day of the study with a Fiske Freezing 
Point Osmometer which was calibrated to read osmolality 
at the time of each set of determinations (4). A qualita- 
tive test} for glucose in the urine was performed by the 
standard Benedict’s method. 

i The osmolal clearance (Cosm) (3) and the clearance of 
free water (Cu,o) (3) were calculated from the following 
formulas: 

_ (U JosmV 


Comm = & =V- Coom 
[P Joon wm 


where [U Jom = osmolal concentration of urine, [P ]osm = 


5 Both lots were derived from an indeterminate mixture 
of hog and beef pituitaries and were supplied through the 
courtesy of Dr. A. C. Bratton, Jr., of Parke, Davis and 
Company. 
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osmolal concentration of serum, and V = urine flow in ml. 
per minute. 

The change in free water clearance (ACu,0) associated 
with each rate of infusion of vasopressin was calculated by 
subtracting the average free water clearance observed at 
“equilibrium” during the infusion of vasopressin from the 
free water clearance obtained in the same experiment during 
maximal water diuresis (CH,o™* — Cu,0 = ACu,o). The 
values for ACy,o have all been corrected to a standard 
surface area of 1.73 square meters (AC’q,0), the surface 
area of subjects being estimated from their height and 
weight. The change in flow of urine (A flow) and the 
change in Cosm (ACosm) have been calculated in the same 
manner as has ACg,0o. 

The method of analysis of variance was utilized to exam- 
ine the adequacy of the calculated regression equations. 


RESULTS 


The rates of excretion of urine, the osmolal 
concentrations of the urine and serum, and the 
rate of excretion of solutes for all “equilibrium” 
periods are shown in Table I. The average values 
during ‘‘equilibrium” of V, [U Josm, Cosm, Cu,o, 
A flow, ACosm, ACu,o and AC’y,o are presented 
in Table II. The urine flow and free water 
clearance during maximum water diuresis varied 
significantly among subjects. Similarly, if all 
subjects are considered, the urine flow and free 
water clearance during an infusion of vasopressin 
bore no absolute relationship to the rate of the 
infusion. Except for three subjects (R.W. 10/ 
17/54, E.D. 1/10/55, and D.R. 2/23/55), all 
values of Cosm during maximal water diuresis 
(C°osm) were between 2.3 and 4.0 ml. per minute. 
The exceptions (C°osm = 7.0, 7.2, 1.9, and 1.7 
ml. per minute) were produced intentionally as 
explained under ‘‘methods” in an effort to ex- 
amine the effect of the rate of solute excretion on 
the quantitative behaviour of vasopressin. In 
twelve of the seventeen observations, ACosm was 
no greater than 0.5 ml. per minute. There was 
no demonstrated glycosuria during the “‘equilib- 
rium” periods of most studies; in a few, during 
the relatively higher rates of infusion of vaso- 
pressin, slight glycosuria was detected but never 
exceeded approximately 1 gram per cent. It is 
therefore unlikely that glucose was ever a major 
constituent of the urinary solutes. 

The data in Table II show a considerable 
degree of biologic variation, despite which it can 
be seen that there was a graded curvilinear rela- 
tionship between the rate of infusion of vaso- 
pressin and the renal response. The relationship 
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TABLE I 


The effects of various rates of infusion of vasopressin— Measured and derived data during all 
“equilibrium” collection periods 








Urine Serum 





Rate of Rate of 
infusion of Solute solute Solute 
vasopressin Time Flow concentration excretion concentration 





micro-osmoles/ 
mU./hour minutes ml./min. milliosmolal in, milliosmoial 
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TABLE 1—Conlinued 





Urine Serum 





Rate of 
solute 
excretion 


Solute 
concentration 


Solute 


Flow concentration 





minutes 


383-402 
403-422 
423-439 


161-187 
188-223 
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* High sodium chloride intake prior to study (see text). 
t Low solute intake prior to study (see text). 
t An interpolated value. 


may be expressed by at least three simple re- 
gression equations, the renal response being 
expressed as AC’y,0 since it appears reasonable 
to assume that the change in free water clearance 
represents the increase in the reabsorption of 
water by the renal tubules which results from 
each particular infusion of vasopressin (see Dis- 
cussion). If ACosm were zero, ACy,o would of 
course equal A flow. The equations (1, 2, and 3) 
and the results of analysis of variance are shown 
in Table III-A. All three equations are highly 


significant in a statistical sense, but at such 
extremely high values of “F,”’ statistical consid- 
erations alone cannot determine which expression 
most accurately defines the relationship. Fur- 
thermore, the derivation of these particular 
equations is in no sense intended to imply that 
they represent the only expressions which will 
describe the data, since it is certain that many 
other more complex equations involving two or 
more constants would do so as well. 

In order to minimize any effect which a change 
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TABLE II 
The effects of various rates of infusion of vasopressin—Average ‘equilibrium’ values 








Urine 





Rate of 
infusion of Solute 
vasopressin Flow concentration Cosm Cryo 4 Flow ACoem 
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* High NaCl diet (see text). 
t Low solute diet (see text). 
TABLE III 


Regression equations and the results of analysis of variance 








Analysis of variance 


Variation in data 
“removed” by 
the equation 
(% of total) 





Equation 





(A) All data 
(1) AC’n.o = 3.89 + 9.39 log (vasopressin rate) 32.0 68.1 
(2) log AC’n,o = 0.570 + 0.564 log (vasopressin rate) 63.6 80.9 
(3) 1/AC’xo = 0.071 + 0.196 (1/vasopressin rate) 108 87.8 


(B) Data associated with ACosm of 0.5 ml. or less 


(3 AC’ = 3.44 + 7.58 log (vasopressin rate) 37.9 
(5) log AC’n,o = 0.542 + 0.519 log (vasopressin rate) 70.6 
(6) 1/AC’ao = 0.098 + 0.173 (1/vasopressin rate) 42.1 





* The probability of ‘‘F’’ occurring by chance is less than 0.001 for each of the equations. 
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The dotted lines represent the 95 per cent confidence limits for the mean values of log AC’x,0 (not 


for individual values). 


in the rate of excretion of solutes might have on 
AC’n,o, the data have been reconsidered after 
eliminating the five studies associated with a 
ACosm Of more than 0.5 ml. per minute. This 
also eliminates four of the five studies in which 
C°osm Was greater than 3.5 ml. per minute. The 
resulting regression equations (4, 5, and 6) are 
shown in Table III-B. Equations 5 and 6 are 
also illustrated in Figures 1 and 2. Again, sta- 
tistical analysis revealed that the three types of 
equation are very well approximated by the data. 
It will also be noted that, if the one point repre- 
senting a rate of infusion of vasopressin of 0.5 
milliunit per hour were omitted, the data would 
describe a regression equation of the type shown 
in Figure 2 (Equation 6) with considerably less 
variation about the line. 

That these three types of mathematical ex- 
pression should all provide such excellent de- 


scriptions of the data is not surprising because, 
as shown in Figure 3, these three equations 
approximate each other quite closely throughout 
most of the dose range involved in their deriva- 
tion (0.5 to 10.7 milliunits per hour). Obviously, 
it would be extremely difficult to differentiate 
between them in this range on the basis of data 
as variable as that provided by most biological 
studies. 

It should be emphasized that in all but one 
study (E.D. 1/10/55) the rates of infusion of 
vasopressin were less than that required to pro- 
duce a significantly hypertonic urine and the 
relationships defined may not be applicable at 
higher rates of administration of vasopressin. 

The method of analysis of variance was utilized 
to examine the influence of the rate of excretion 
of solutes on the renal response to vasopressin. 
The variable considered was the value of Cosm 
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per minute and/or ACosm > 0.5 ml. per minute. 


is apparent in five of the six. 


during maximal water diuresis (C°osm), and it 
appeared that with increasing values of C°osm 
there was a slight increase in the AC’x,o for any 
particular rate of infusion of vasopressin. How- 
ever, of the five experiments with the highest 
values of C°osm (>3.5 ml. per minute), four were 
associated with values of ACosm greater than 0.5 
ml. per minute. Therefore, either C°osm, ACosm 
or both (or some other related variable) appeared 
to have a significant effect on the renal response 
to vasopressin. This is illustrated in Figure 4. 

One significant complication occurred in rela- 
tion to these experiments. During a number of 
studies which are mot included in the results 
reported, reactions occurred which were charac- 
teristic of those due to intravenous pyrogen 
(shaking chills or chilly feelings, temperature 
elevations from 100 to 103° F. by mouth, and 
variable associated symptoms such as headache, 
nausea, vomiting, and muscular aches). These 
reactions were ultimately shown to be the result 
of the infusion of large volumes of commercially 
produced ‘‘pyrogen-free” parenteral fluid. This 
fluid was always found to be bacteriologically 


An augmented effect of vasopressin 


sterile and it is presumed that it contained minute 
amounts of pyrogenic material, which were suffi- 
ciently small to escape detection by the standard 
U.S.P. rabbit test (5,6) and which would not 
cause reactions when infused in the volumes of 
solution commonly used for clinical purposes, but 
which would be capable of producing reactions 
if infused in large volumes at a rapid rate (5, 6) 
as in the studies recorded here (5 to 9 liters at 
15 to 40 ml. per minute). 

‘“Pyrogenic’’ reactions did occur during the 12 
hours after completion of the study in four of the 
experiments included in this report (R.S. 8/22/ 
54; R.W. 10/17/54; E.D. 1/10/55; and D.R. 
2/23/55). One subject (D.D. 8/26/54) became 
nauseated and vomited several times during the 
6 hours after completion of the study but did not 
develop fever. 


DISCUSSION 


Vasopressin (Pitressin®) is assayed in terms 
of pressor activity, but since vasopressin and 
antidiuretic hormone are probably identical (7), 
the pressor and antidiuretic activities should 
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bear a consistent quantitative relationship to 
each other. It is therefore reasonable to com- 
bine results obtained from two lots of Pitressin®, 
the pressor activity of each lot being known. 
Obviously, there is no particular significance in 
the absolute values of the rates of infusion since 
these necessarily have been assigned in terms 
of the biologically assayed ‘“‘pressor’’ activity. 
Also, these calculated rates of infusion of vaso- 
pressin are only approximations, since the assay 
method is not accurate to better than +7 per 
cent (8), and since the measurements involved 
in preparing the dilutions are subject to a small 
error. 

Infusions of vasopressin at rates even consid- 
erably greater than those used in the current 
studies do not cause any large or consistent 
changes in the rate of glomerular filtration (clear- 
ance of inulin) (9) and cause slight if any altera- 
tion in total effective renal plasma flow (clearance 
of para-amino-hippurate) (9). Hence, it is un- 
likely that hemodynamic effects were involved 
in the current results, although such effects can- 
not be as clearly eliminated in the four experi- 
ments in which a pyrogenic reaction developed 
subsequent to (but not during) the study. 

There are three fundamental assumptions im- 
plicit in the experimental design of these studies, 
the validity of which cannot be known: 1) That 
there was no significant secretion of endogenous 
ADH during “equilibrium’”’ periods of what has 
been called ‘‘maximal water diuresis’; 2) that 
the changes in Cy,o observed with the infusions 
of vasopressin were due entirely to the adminis- 
tered vasopressin; and 3) that when vasopressin 
is being infused at a constant rate, and when 
Cu,o is constant, the amount of vasopressin 
acting on the appropriate site in the renal tubules 
is also constant. These assumptions are, at least, 
supported by the approximate constancy of Cu,o 
during the “‘equilibrium’”’ periods. 

If the volume of distribution of vasopressin 
does not alter, and if the rate constant® of bio- 
logical decay of vasopressin is independent of 
concentration (as Ginsburg and Heller (10) found 
it to be in the rat), the concentration of vaso- 
pressin in the blood at equilibrium would be a 


6 The rate constant is the proportion of the total quantity 
of ADH present in its volume of distribution which leaves 
that compartment by any route in unit time. 
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linear function of the rate of infusion. Further- 
more, if the blood flow to the affected portion of 
the renal tubules does not alter, the concentra- 
tion of vasopressin in the critical region would 
be expected to be a linear function of the concen- 
tration in the blood and therefore of the rate of 
infusion. Within the context of these and the 
aforementioned assumptions, one of the three 
types of derived regression equations may be a 
plausible expression of the physiologic process by 
which ADH effects the abstraction of water from 
the renal tubular urine. Unfortunately, estab- 
lishment of such mathematical relationships can- 
not of itself prove the existence of any particular 
mechanism, and in the discussion which follows 
several general concepts with respect to mecha- 
nism will be examined without intending to 
suggest that those mentioned in anv sense repre- 
sent an inclusive list. 

Equations 1 and 4 express an exponential type 
of relationship which can be presented in the 
form 104°’H#:0 = A (Vasopressin rate)®. This, of 
course, is a commonly used type of dose-response 
equation, and if appropriate for the current data, 
it does not provide any particular insight with 
respect to possible mechanisms. Since this form 
of mathematical expression predicts unlimited 
values of AC’y,o at ever increasing rates of infu- 
sion of vasopressin, it obviously cannot be ap- 
plicable much above the range actually studied. 
Furthermore, this type of equation predicts the- 
oretically negative values for AC’x,o (which 
approach minus infinity as a limit) as the rate of 
infusion of vasopressin approaches zero as a limit, 
which is almost certainly not in conformity with 
reality.’ 

Equations 2 and 5 express an exponential rela- 
tionship of the type AC’x,o = A (vasopressin 
rate)® and, since the exponent is approximately 
0.5, imply that the reabsorption of water is pro- 
portional to approximately the square root of the 
rate of infusion of vasopressin. This is remi- 
niscent of Schiitz’s Law (11,12) which states 


7 It is implicit in the experimental design of these studies 
that a rate of infusion of vasopressin of zero evokes a zero 
response (AC’q,o = 0). Although the semi-logarithmic 
form of equation appears valid within the range of the 
actual experimental data, such an expression cannot define 
accurately the theoretical dose-response relationship in the 
range where the dose is approaching zero and when AC’x,0 
also would be expected to be approaching zero. 
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that the rate of certain enzymatic reactions is a 
function of the square root of the enzyme con- 
centration,® thereby suggesting the possibility 
that ADH may act as an enzyme or apo-enzyme 
for a chemical reaction effecting the reabsorption 
of water. Since this type of equation also pre- 
dicts unlimited values of AC’n,o at ever increas- 
ing doses of vasopressin, it (like equations 1 and 
4) cannot be applicable much above the range 
studied. 

Relationships of the type represented by equa- 
tions 3 and 6 can be derived from several hypo- 
thetical modes of action of ADH. One such 
derivation® has been suggested by Dr. Hans 
Ussing (13) who proposes that each molecule of 
ADH is potentially able to combine reversibly in 
some way with a “‘site’’ in the renal tubular cell 
or on its membrane, thereby creating a ‘‘pore’”’ 
through which water can flow at a constant rate. 
The actual mechanism causing the flow of water 
is immaterial; the term ‘‘pore’’ merely indicates 
the rate-limiting element of the process. It is 
further assumed that the total number of poten- 
tial ‘‘pores’’ is constant, that all potential “‘pore’”’ 
sites have the same affinity for ADH, and that 
the rate of movement of water is proportional 
to the number of ‘‘pores.’”” From these assump- 
tions it is possible to derive the following equa- 
tion :* 


i tine k x (+) 
AW Moa Moa\H 


where 


AW = rate of reabsorption of water resulting 
from ADH. 
H = number of available ADH molecules. 
k = the dissociation constant for the com- 
bination of vasopressin with the so- 
called ‘‘pore’’ sites. 
Mo = total number of potential ‘‘pores’”’ (con- 
stant). 
a = constant. 


Assuming that AW represents AC’y,o and that 
H is proportional to the rate of infusion of vaso- 
pressin, this is comparable to equations 3 and 6. 

The conceptual approach suggested by Ussing 


8 There appears to be considerable uncertainty with 
respect to the validity of this “law’’ for any enzymatic 
reaction. 

® See Appendix A. 


follows: ACu,o = AT4x,o + AT*x,0. 
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would apply to any mechanism which satisfied 
the same general assumptions; 7.¢., the reversible 
combination of ADH with some “receptor” in 
or on the renal tubular cells, a limited number of 
receptors, and a linear relationship between the 
number of ADH-receptor combinations and the 
rate of reabsorption of water. Furthermore, it 
is apparent that these assumptions and the re- 
ciprocal type of equation derived from them are 
essentially analogous to the Lineweaver-Burk 
expression of the Michaelis-Menten theory of 
enzyme kinetics. The possible usefulness of this 
approach to the physiologic interpretation of 
hormone dose-response relationships has also 
been recently suggested by Stetten (14). 

Another concept from which it is possible to 
derive a relationship of the type expressed in 
equations 3 and 6 is that the effect of ADH is, 
in some unknown way, to raise the osmotically 
effective concentration in the renal tubular cells 
(thus promoting the osmotic reabsorption of 
water), and that each molecule of ADH results 
in a constant increment of that effective concen- 
tration up to a maximum.” 

It will be noted that equations of the type just 
discussed, unlike equations 1, 2, 4, and 5, predict 
that at increasing rates of infusion of vasopressin, 
AC’x,o will approach a maximum (Moa) asymp- 
totically. It might therefore be implied that the 
process effected by ADH is limited by a maxi- 
mum rate, an implication which is consistent with 
the current hypothesis (3, 15, 16) in which the 
‘facultative’ reabsorption of water by the renal 
tubules is considered to be a dual process in- 
volving: 1) T¢y,0, the rate of reabsorption of 
water in the distal tubule, under the influence of 
ADH but limited by the rate of reabsorption of 
solutes since its maximum is that which will 
produce a concentration isosmotic with the glo- 
merular filtrate; and 2) T°x,0, the rate of reab- 
sorption of solute-free water at some site distal 
to that of T¢y,0, presumably not influenced by 
ADH, approximately constant and maximal 
(Tm°x,0) at relatively high rates of solute excre- 
tion or whenever the final urine formed is hypo- 
tonic to plasma. If such a dual mechanism were 
in fact operative, the measured values of ACz,o 
in the current studies could be represented as 
Since the 


” See Appendix B. 
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final urine was almost always hypotonic to the 
plasma, T*g,o should equal Tm‘y,0, and as the 
latter is presumably constant, it could be assumed 
that, within the range studied, ACu,o = AT4x,0. 
For this reason, it might be appropriate to con- 
sider the derived regression equation as a de- 
scription of the relationship between the rate of 
infusion of vasopressin and AT4y,o. In this re- 
gard, it is interesting that the maximum values 
of the dependent variable predicted by equations 
3 and 6 (14.1 and 10.2 ml. per minute," respec- 
tively) are of the same order of magnitude as 
that anticipated for AT4y,o from calculations 
based on the dual mechanism hypothesis” (15.8 
ml. per minute"). Thus, although there is no 
particular basis for assuming that the relation- 
ship between ADH and AT“g,0 must be described 
by a single continuous regression equation, it 
appears that the reciprocal form (equations 3 
and 6) is the only one of the three simple types 
discussed here which might reasonably be ap- 
plicable much above the range of the current 
data. 

The renal response to vasopressin or to an 
extract of the posterior pituitary gland has been 
examined in many animal studies (1, 2, 17-22). 
Most of these cannot be readily compared with 
the present experiments because of differences in 
technique and because the dose-response rela- 
tionship often is uncertain. Nonetheless, at least 
two studies do allow the derivation of a quanti- 
tative relationship between several sub-maximal 
doses of injected material and the renal response. 
Ginsburg and Heller (22) examined the anti- 
diuretic action of individual doses of vasopressin 
injected intravenously into unanesthetized rats. 
Table IV is based on Figure 1 of their report. 
Change in urine flow has been calculated from 
the flows shown before, and for varying periods 
after, injection of vasopressin. Maximum change 
in flow, A floWmax, is based on the lowest urine 
flow during any single period following the injec- 
tion.. A flow. and A flows0 are based on aver- 


1 All figures corrected to body surface area of 1.73 square 
meters. 

From Zak, Brun, and Smith (16) Tm‘x,0 in water- 
loaded adults = 4.1 ml. per minute. The average maxi- 
mum Cq,o in the current studies = 11.7 ml. per minute. 
The theoretically maximum AT¢g,0 is the sum of Tm*x,o 
and the maximum Cy,o = 4.1 + 11.7 = 15.8 ml. per 
minute. 
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TABLE IV 


Renal qmbons of rats to vasopressin (from Ginsburg 
and Heller [22] Figure 1) 








Dose of 

vasopressin 4 flowma:* 4 flownt 

(milliunits) ml./10 min. ml./10 min. 
0.1 . 0.4 

! r 0.85 

i : 1.3 
1.65 
1.75 








* A floWmax = Difference between pre-injection flow and 
minimum flow during any ten-minute period following 
injection. 

t A flowz. = Difference between pre-injection flow and 
the average flow during first twenty minutes following 
injection. 

t A flowso = Same as A flow29 except post-injection flow 
averaged for thirty minutes. 


ages obtained by including the urine flows for 20 
and 30 minutes, respectively, after the injection 
of vasopressin. As the authors state, a plot of 
the logarithm of the dose against the response is 
well described by a straight regression line. As 
shown in Figure 5, the data (using A flowso) are 
also well defined by either a log-log or reciprocal 
relationship. The regression coefficients are 
quite similar to those reported here: 0.601 for 
the log-log (compared to 0.564 and 0.519 in 
equations 2 and 5); 0.215 for the reciprocal rela- 
tionship (compared to 0.196 and 0.173 in equa- 
tions 3and 6). Jeffers, Livezey, and Austin (19) 
studied the dose-response relationship of vaso- 
pressin injected intravenously (as individual 
doses) into water-loaded rats receiving alcohol, 
the response being defined as the difference be- 
tween urine flow for 20 minutes after and 20 
minutes before injection. Again, the results are 
well expressed by either a semi-logarithmic or a 
log-log type of regression equation, and some- 
what less well by one involving reciprocals. The 
studies of Lauson (2) on a normal man and those 
of Shannon (1) on dogs with diabetes insipidus 
have been mentioned in the introduction. Both 
of these investigators utilized a technique which 
was similar to the one employed in the current 
experiment but the range studied genera/ly was 
higher than in the current studies. 


SUMMARY AND CONCLUSIONS 


An attempt has been made to define the quan- 
titative relationship between antidiuretic hor- 
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Fic. 5. THe RELATIONSHIP BETWEEN A FLow (ML. PER 10 MINUTES) AND THE 
DosE OF VASOPRESSIN (MILLIUNITS) IN Rats, BASED ON DATA OBTAINED BY GINSBURG 


AND HELLER (22), SEE TEXT 


mone (vasopressin) and the renal tubular re- 
absorption of water in continuously water-loaded 
young adult men. The vasopressin was infused 
at various constant rates, almost all of which 
were less than that required to produce an hyper- 
tonic urine. The difference between the clear- 
ance of free water during maximal water diuresis 
and the clearance of free water during an infusion 
of vasopressin (ACy,o) was considered to repre- 
sent the rate of reabsorption of water resulting 
from the particular rate of infusion of vaso- 
pressin. The results indicate that there is a 
graded curvilinear relationship between the rate 
of infusion of vasopressin and the renal tubular 
reabsorption of water. The relationship can be 
expressed by at least three simple regression 
equations, the possible physiologic significance of 
which has been discussed. It is suggested that 
an equation of the form 1/ACu,o = A+B (1/ 
vasopressin rate) may be the most physiologi- 
cally meaningful expression of the data. 
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APPENDIX A 


Derivation of equation based on “‘pore’’ theory of Ussing 
(13). Let: 


H = Available ADH molecules. 

Mo = Total number of “‘sites”’ potentially able to com- 

bine with ADH to form “‘pores.”’ 

M = Number of “sites’’ not combined with ADH. 
HM = Number of “‘pores”’ (H and M combinations). 
AW = Rate of reabsorption of water resulting from 

ADH. 
a = Constant. 
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Assume: 
1) That combination of H and M is reversible and obeys 
the law of mass action; 
2) That AW is proportional to the number of ‘‘pores.”’ 
Then: 
Mo = M+HM (I) 
H+M=HM (11) 
HXM _ 
HM = k (III) 
AW =a (HM) 
Substituting from (1) and (IV) in (IIT): 
H (Mo -= 
oes accede 
a 


(IV) 


Rearranging (V): 


1 1 


Po = siz tala) 
AW Moa * Moa \H 


APPENDIX B 
Let: 


H = Available ADH molecules. 
AW = Rate of reabsorption of water resulting from 
ADH. 
Aosm = Increased osmolality of renal tubular cells re- 
sulting from ADH. 
a = Effective osmolality of renal tubular cells in 
absence of ADH = constant. 
b = Rate at which renal tubular urine is delivered 
to site where ADH is effective = constant. 
k = Constant. 


Assume: 

1) That renal tubular urine will always become isosmotic 

with the renal tubular cells = a + Aosm; 

2) That the rate of reabsorption of solutes is constant; 

3) That Aosm is proportional to H. 
Then: n 

ied ye ess 
stiginats” + Aosm ) 

Rearranging (I): 


1 1 a 1 
AW b +#(son 


From assumption (3): 


b+ E(4) 
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Early investigations of the pathogenicity of the 
adenoviruses (RI-APC-ARD agents) (1-5) for 
man revealed (3, 6, 7) that volunteers given tis- 
sue culture-grown virus by respiratory, intrader- 
mal, or intramuscular routes regularly developed 
neutralizing and complement-fixing antibodies 
against the agents without significant illness. This 
finding led us to attempt to prepare live virus vac- 
cine for human immunization employing types 4 
and 7 adenovirus grown in tiss'e cultures of 
monkey kidney. When it was found (8, 9), how- 
ever, that monkey kidney cultures may contain 
“wild” viruses of unknown pathogenicity for man, 
the idea of using such untreated monkey kidney 
material in volunteers was abandoned and a for- 
malin-killed vaccine was prepared instead. The 
high degree of effectiveness of the killed vaccine in 
preventing acute respiratory illnesses caused by 
adenovirus in newly inducted soldiers has been re- 
ported elsewhere (10-12). 

Continued investigation of the live virus vac- 
cine problem was made, employing types 3, 4, and 
7 adenovirus produced in tissue cultures of human 
embryo intestine which had been propagated 
serially in vitro. Contrary to expectation, volun- 
teers given the trivalent live virus preparation in- 
tramuscularly developed acute febrile respiratory 
illness which resembled closely the natural disease 
caused by these agents. This report describes the 
experimental illness induced in the volunteers and 
presents the antibody responses in these indi- 
viduals. 


MATERIALS AND METHODS 
Preparation of virus for human injection 


Tissue cultures of human intestinal cells. The virus 
injected into the volunteers was propagated in human 
embryonic intestinal cells of non-malignant origin. This 
cell line was initiated by Dr. Gertrude Henle and her as- 
sociates (13) from a plasma clot explant culture of hu- 


1 Present address: Department of Medicine, School of 
Medicine, University of Iowa, Iowa City, Iowa. 


man embryonic small intestine grown in nutrient medium 
containing human serum. The cells originally propagated 
in tissue culture grew slowly and resembled fibroblasts 
and histiocytes. In the fourth passage, epithelial-like cells 
appeared which rapidly overgrew the culture and were 
predominant thereafter. The origin of the epithelial-like 
cells is unknown but these may have been present from 
the start, having been obscured by the more numerous 
fibroblasts, or they may have been derived by “trans- 
formation” from some previously existing cell type. 

After 20 passages in Dr. Henle’s laboratory, the cul- 
ture was sent to Microbiological Associates,? Bethesda, 
Maryland, where it was passed in a medium consisting 
of Eagle’s basal medium with 10 per cent horse serum. 
In each passage the culture fluid was removed, the cell 
layer digested with trypsin solution and the cells planted 
in fresh horse serum nutrient. Tissue cultures employed 
to grow the adenoviruses had been passed 16 to 23 times 
in the horse serum nutrient. For virus propagation, these 
cultures were washed five times with synthetic mixture 
199 to remove the serum nutrient and were maintained 
in this solution with 100 units of penicillin and 100 ug. 
streptomycin per ml. 

Virus. The adenovirus type 3 strain RI-55-33 and 
type 4 strain RI-55-32 were recovered in cultures of hu- 
man intestine from the throat washings of military pa- 
tients with undifferentiated acute respiratory disease 
(ARD) (14). Type 7 strain RI-4-202 was recovered in 
human amniotic epithelium culture from throat washings 
of a patient with ARD and, after one additional passage 
in such cells, was propagated in cultures of human in- 
testine. These viruses grew abundantly in human in- 
testine cultures causing total degeneration in 24 to 48 
hours resembling that described (1) for the HeLa strain 
of human epidermoid carcinoma cells. 

To prepare virus for human injection, 32-0z. prescrip- 
tion bottle cultures of human intestine, maintained with 
25 ml. of mixture 199 containing antibiotics, were inocu- 
lated each with 1 ml. of undiluted seed virus. After 2 
days’ incubation at 36° C., the whole cultures were homo- 
genized for 3 minutes in a Waring blendor and the super- 
natant fluid obtained following low speed centrifugation 
was further clarified by filtering through a sintered glass 
filter of medium porosity. A sample of each filtrate was 
saved for individual testing. A pool comprising equal 
volumes of the types 3, 4, and 7 viruses was prepared 


2 All tissue cultures and tissue culture media employed 
in this investigation were obtained from Microbiological 
Associates, Bethesda, Maryland. 
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for human use and stored frozen at — 70° C. in sealed glass 
ampoules until injected into volunteers 2 months later. 

Safety, identity, and sterility tests. Tests for safety 
and sterility of the trivalent virus pool were carried out 
in suckling and adult mice, guinea pigs, rabbits, monkeys, 
and a variety of artificial media as described previously 
(10, 11) for the formalin-killed bivalent adenovirus vac- 
cine. Additionally, 2 serial passages of the virus in 6- 
and 10-day chicken embryos by the yolk sac and allantoic 
routes were carried out; the embryos remained normal 
and no hemagglutinins for human “O” or chicken red 
blood cells were present in the allantoic fluids. Neutrali- 
zation tests using monotypic rabbit antisera were carried 
out in HeLa and monkey kidney cell tissue cultures as 
described earlier (1); these served to identify the virus 
in the monovalent filtrates and showed the absence of 
other detectable cytopathogenic agents. 


Virus laboratory tests 


Virus recovery attempts from patients’ throat washings 
or eye swabs were carried out in duplicate in HeLa and 
human intestine tissue cultures by the same general meth- 
ods described earlier (1, 10). Passage of the triturated 
whole cultures was made at 5- to 7-day intervals and 
from 3 to 7 such serial passages of each isolation attempt 
were made. Each eye specimen was tested one time in 
HeLa and human intestine cell cultures and each throat 
washing from 2 to 5 times in HeLa and 2 or 3 times in 
human intestine cells. 

Serology. The methods for the complement-fixation 
(C.F.) and neutralization tests were described previously 
(1). Type 4 strain RI-67 virus grown in HeLa cell 
tissue culture was employed for C.F. antigen and types 
3, 4, and 7 strains RI-3-110, RI-67, and RI-4-202 (2), 
respectively, propagated in HeLa cultures were used to 
measure neutralizing antibody. All serum titers are ex- 
pressed as the greatest initial dilution of serum which 
caused complete or nearly complete fixation of comple- 
ment or of suppression of virus growth (neutralization). 

Human volunteers. The human volunteer study de- 
scribed here was intended primarily to be an additional 
test of safety to detect hepatitis virus which might have 
been carried—though only a remote possibility—in the 
human intestine cell line used to propagate the adeno- 
viruses. Five of the six volunteers were adult male civil- 
ian employees of the Walter Reed Army Institute of Re- 
search and the other was a commissioned officer assigned 
to the Institute. All the volunteers were fully aware of 
the possible dangers involved. No epidemic of acute 
respiratory illness occurred in the personnel of Walter 
Reed Army Institute of Research either immediately 
preceding the time of the injection of virus or during the 
following 3-week period. Additionally, tests of the pre- 
inoculation and 2-week post-injection sera from each vol- 
unteer showed no diagnostic increase in hemagglutination- 
inhibiting antibody against type A prime (FLW-1-52) or 
type B (Lee and IB1) influenza viruses. 

Prior to injection, each volunteer was given a chest 
X-ray and a detailed hospital admission type of physical 


TABLE I 


Composition of trivalent adenovirus preparation 








Human tissue culture 
passage 


Virus Titers 





Intes- Infec- 


n 
Strain Amnion tine tivity C.F. 





RI-55-33 0 9 
RI-55-32 0 8 
RI-4-202 2 7 


107% 716 
10-3 : 
10% 





examination with special attention to inspection of the 
eyes, ears, nose and throat. All volunteers were in good 
health at the time of inoculation. Daily clinical observa- 
tions of the volunteers were made during the first 9 days 
and periodically thereafter for 6 to 8 months. Samples 
of blood, for serological testing, and throat washings and 
conjunctival swabs, for virus recovery attempts, were 
taken at the time periods indicated in the clinical charts. 
The specimens were stored frozen in sealed containers 
at — 20° C. or at — 70° C. until examined. 


RESULTS 
Trivalent live virus pool 


The composition of the types 3, 4, and 7 adeno- 
virus pool injected into the volunteers is shown in 
Table I. The infectivity titer of each strain was 
10-* and the C.F. titers ranged from 1:4 to 1: 16. 
The total nitrogen value for the pool was 0.213 
mg. per ml. and the protein nitrogen content was 
0.024 mg. per ml. 

The six volunteers in the study were each given 
1 ml. of the trivalent live virus preparation at ap- 
proximately 4:00 P.M. on day 0. Unexpectedly, 
in view of previous experience (3, 6, 7), five of the 
six volunteers developed an acute upper respira- 
tory illness which resembled that described for 
ARD (14, 15) with conjunctivitis (16) and for 
pharyngoconjunctival fever (17). Basically the 
same illness occurred in each case but the degree 
of severity differed markedly. Three patients 
(cases 1, 2, and 3) had a moderately severe illness 
while two (cases 4 and 5) developed a mild form 
of disease. Case 6 also developed respiratory 
symptoms but these were so mild that they might 
not have been recognized had they not been 
searched for. Three of the patients, two with se- 
vere and one with mild illness, experienced a mod- 
erately severe primary toxic reaction shortly fol- 
lowing injection of virus. The clinical picture and 
the laboratory findings in each of the patients are 
described in the summaries which follow. 
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Case summaries 


Patient 1, Figure 1. On the third day after inocula- 
tion, this 39-year-old man, who was previously well, com- 
plained of feeling listless and of soreness of the injection 
site. Late the same evening there was an abrupt onset 
of constitutional symptoms which consisted of generalized 
aching of the back, arms, and legs followed shortly by 
chills, sweating, and a temperature rise to 101° F. 

The patient continued to feel ill on the following day 
at which time the localized signs and symptoms began. 
The patient complained of generalized aching, pain in 
the left ear, coryza and a sore throat. On physical exam- 
ination, the conjunctivae were found to be injected and 
the left tympanum was erythematous and retracted. The 
nasal mucosa was inflamed and edematous and there 
was a watery discharge. The pharynx was also edematous 
and acutely inflamed. The site of injection was swollen, 
erythematous, indurated, and painful and the correspond- 
ing axillary nodes were markedly enlarged and very 
tender. The acute illness continued through the fifth 
day when the patient complained of generalized aching, 
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fatigue, and excessive sweating. The inflammation of 
the conjunctivae, ears, and nasal mucosa had increased. 
Hyperplastic lymph follicles appeared on the posterior 
wall of the intensely inflamed pharynx and an easily re- 
movable whitish exudate of “pin-head” size surmounted 
the surface of many of these follicles. A few enlarged 
sublingual nodes were also present. The site of injection 
was elevated, intensely inflamed and swollen, involving 
an area of erythema of 8 cm. diameter and the correspond- 
ing axillary nodes were now 2 to 3 cm. in size. 

Recovery from the acute illness began on day 6 when 
the temperature returned to normal. The conjunctivitis, 
however, had not diminished and the right eye at this 
time revealed intense injection and suffusion of the bul- 
bar and palpebral conjunctivae. Lymphatic hyperplasia 
produced elevations of the mucosal surface. Inflamma- 
tion of the ear, nose, and throat had subsided but pe- 
techiae were noted about the base of the uvula. The 
pharyngeal follicles were increased in size and exudate 
was present on most of these elevations. Sublingual nodes 


were prominent. The injection site revealed increased 
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inflammation, induration, and tenderness but was not 
fluctuant. The axillary nodes were enlarged bilaterally 
but those corresponding to the injection site were larger 
and more tender. Recovery was uneventful and was 
characterized by rapid diminution of the inflammation 
with a more gradual reduction of the lymphatic hyper- 
trophy. No further illness or significant physical changes 
occurred in the patient during the remaining 7 months 
of observation. 

Chest X-rays made prior to and 7 days post-inocula- 
tion were negative. The total and differential white blood 
cell counts remained within normal limits throughout the 
observation period. Serum bilirubin levels, performed 
to detect hepatic dysfunction, were within normal limits 
throughout the study period. Cultures of the throat made 
on the fourth and sixth days during the acute illness re- 
vealed a normal bacterial flora. Adenovirus could not 
be recovered from the eye on day 6 or from the throat on 
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days 4, 5, 6, or 10. There was no detectable neutralizing 
antibody against types 3, 4, or 7 virus in the pre-inocu- 
lation serum specimen but antibody to all 3 types was 
already present on day 7 when the illness was in the 
acute inflammatory stage. Maximal titer levels were 
reached by the fourteenth day. 

Patient 2, Figure 2. Seven hours following injection 
of virus, this 39-year-old man who was previously well 
experienced an abrupt onset of constitutional symptoms 
characterized by shaking chills with fever up to 103° F., 
sweating, and generalized aching of the back and ex- 
tremities. This was accompanied by nausea and one 
episode of vomiting. There were no localizing signs and 
the intermittent fever and constitutional symptoms sub- 
sided by the third day. On day 4 the temperature rose 
again to 101.2° F. and ushered in the acute respiratory 
The patient complained of a sore throat, nasal 
The conjunctivae of both 


illness. 
discharge, and mild anorexia. 
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eyes were moderately injected but were not granular. 
Otitis consisting of marginal inflammation of the tympani 
was present. The nasal mucosa was acutely inflamed and 


edematous. A clear, watery nasal discharge was noted 
which lasted for 2 days and then became mucopurulent. 
The pharynx was injected and lymphatic follicles were 
present. This inflammation of the mucous tissues disap- 
peared by the end of the seventh day. Lymph node en- 
largement was only moderate and involved the nodes of 
the posterior cervical region and the axilla of the side 
on which the injection was made. This lymphatic hyper- 
trophy regressed by the seventh day and did not recur. 
The local reaction at the injection site, which began on 
day 2 as erythema and tenderness, became more intense 
by day 5 when it was 7 cm. in diameter, but returned to 
normal by the seventh day. No further significant 
changes occurred in the patient during the 6 months 
which followed. 

The total and differential white blood counts and the 
sedimentation rate were normal throughout the observa- 
tion period. Serum bilirubin levels remained within 
normal limits. Chest X-rays made prior to and on day 
7 post-inoculation were negative. Cultures of the throat 
made on the fourth and sixth days showed a normal bac- 
terial flora. Adenovirus could not be recovered from 
the throat washings of the patient collected on days 1, 4, 
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Case 6 


5, or 6. Neutralizing antibody to type 7 virus only was 
present in the pre-inoculation specimen. There was anti- 
body increase to ail 3 types and the maximum titer was 
reached by the fourteenth day. 

Patient 3. This 31-year-old volunteer developed a pri- 
mary toxic reaction with fever to 102.6° F. similar to that 
described for patient 2. A moderately severe respiratory 
illness developed on the third day post-inoculation charac- 
terized by fever to 100° F., malaise, bilateral granular 
conjunctivitis, otitis, rhinitis, pharyngitis with oral lym- 
phatic hypertrophy but without exudate, tonsillitis, non- 
productive cough and cervical and axillary (injection 
side) lymphadenopathy. Two small cystic structures 
which persisted for 2 weeks were present in the palpebral 
conjunctivae. The acute inflammatory stage of the illness 
subsided by the seventh day post-injection but the lym- 
phadenopathy persisted for 2 weeks longer. There was 
no further clinical change during the 172-day observation 
period. The chest X-rays remained negative throughout 
and there was no significant change in the white blood 
cell count, sedimentation rate or level of serum bilirubin. 
Throat cultures revealed a normal flora and attempts to 
recover adenovirus from the eyes and throat on days 4, 5, 
and 6 post-inoculation were negative. The patient had 
neutralizing antibody against type 7 virus only in his pre- 
inoculation specimen. Marked antibody increase against 
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all 3 types occurred and this reached the maximum level 
by the time the acute inflammatory stage of the illness 
had subsided. 

Patient 4. This 28-year-old man developed a severe 
primary toxic reaction to the virus inoculum which be- 
gan 5 hours post-injection and resembled that described 
for patient 2. An episode of mild acute respiratory illness 
which followed on day 4 was characterized by a granu- 
lar conjunctivitis, rhinitis, and pharyngitis with lym- 
phatic hyperplasia in the pharynx. Constitutional symp- 
toms were absent. The patient did not feel feverish and 
his temperature was not taken. The injection site was 
moderately inflamed. Mild cervical and axillary (in- 
jection side) lymphadenopathy were present on day 5 
and lasted about 3 weeks. There was no further sig- 
nificant change during the remainder of the 182-day ob- 
servation period. The chest X-rays were negative 
throughout and there was no significant alteration in 
either the total and differential white blood cell counts 
or in the serum bilirubin level. Throat cultures taken on 
days 4 and 6 revealed a normal flora and attempts to re- 
cover adenovirus from the conjunctivae on day 6 and 
from the throat on days 4, 5, 6, and 10 were not success- 
ful. The patient had neutralizing antibody against types 
3 and 7 prior to injection but not against type 4. There 
was a marked increase in neutralizing antibody against 
all 3 types during convalescence. 

Patient 5. This 36-year-old man who was in good 
health by history and physical examination, showed a 
sedimentation rate (Wintrobe method) of 27 mm. per 
hour and a peripheral blood eosinophilia of 40 per cent. 
The volunteer was given adenovirus in spite of these ab- 
normalities and these did not appear to influence the 
progress of the illness induced by viral inoculation. The 
patient developed a mild acute respiratory illness with 
constitutional symptoms on the third day post-inocula- 
tion. This lasted for 5 days and was characterized by 
fever to 99.8° F., a complaint of chilliness and malaise, 
rhinitis, mild pharyngitis with tonsillar hypertrophy, 
cervical and axillary (injection side) lymphadenitis and 
inflammation of the injection site. The routine physical 
examinations during the remaining of the 17l-day ob- 
servation revealed no further abnormalities. X-rays of 
the chest were negative throughout. The serum bilirubin 
levels were not elevated and the eosinophilia, originally 
present, persisted throughout the period of observation. 
Throat cultures made on the fourth and sixth days post- 
inoculation revealed a normal flora and virus recovery 
attempts from the eye on day 6 and the throat on days 
4, 5, and 6 were negative. Neutralizing antibody against 
type 3 virus only was present in the initial serum speci- 
men and there was an increase to types 3 and 7 virus but 
not type 4. 

Patient 6, Figure 3. This 36-year-old man was found 
to be in excellent health by history and by physical and 
laboratory examinations. He had received three 1-ml. in- 
jections of the killed monkey kidney adenovirus vaccine 
3 months previously. On the first day following adminis- 
tration of the live adenovirus he developed a mild sore 
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throat which he attributed to a “cold.” Slight erythema 
of the posterior pharynx was noted on examination and 
this persisted for 7 days without accompanying fever or 
malaise. On the fourth day post-inoculation, the patient 
developed a mild rhinitis with erythema, congestion of the 
nasal mucosa, and a clear mucoid discharge. There was a 
moderate amount of inflammation at the injection site, 
and slight cervical and moderate axillary (injection side) 
lymphadenitis. This non-febrile illness was so mild that 
it would likely have gone unnoticed had it not been antici- 
pated and its relationship to the injection of live virus 
could not be assessed. There were no physical abnor- 
malities of significance during the remainder of the 166- 
day period of observation. 

Chest X-rays made prior to and on the seventh day 
post-inoculation were negative. The total and differential 
white blood counts remained normal and the serum bili- 
rubin levels were not elevated. Throat cultures on days 
4 and 6 revealed no abnormal flora. Virus recovery at- 
tempts from throat washings collected on days 4, 5, 6, 
and 13 yielded no virus. Neutralizing antibody to all 
three types was present in the pre-inoculation specimen 
and there was no alteration in these titers. 


Serological response in volunteers 


The mean serological response in the five volun- 
teers (patients 1 to 5) who had not received 
adenovirus vaccine prior to injection of live virus 
is presented in Figure 4. Among the five individu- 
als, only two had detectable neutralizing antibody 
against type 3 virus in the pre-inoculation specimen, 
three had antibody against type 7, and none had 
antibody against type 4. The mean titer against 
types 3 and 7, which was about 1:1 in the pre- 
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injection specimen, increased to 1: 34 seven days 
later and reached a maximum of 1:74 by the 
fourteenth day. The titers were diminished only 
slightly during the 6 to 8 months which followed. 
The type 4 antibody rose from zero level to a maxi- 
mum of 1: 17 by day fourteen and the titer was re- 
duced to 1:3 by the end of 6 to 8 months. The 
C.F. antibody, which is directed against a “soluble” 
antigenic component (18, 19) and appears not to 
be concerned directly with immunity to infection 
with these agents, rose from a mean level of 1:1 
to the maximum 1: 16 and diminished to 1:4 by 
the end of 6 to 8 months. 


DISCUSSION 


Previous workers have reported the develop- 
ment of acute respiratory illness in human volun- 
teers inoculated nasally with the filtered throat 
washings from a patient with ARD (4, 20, 21) 
and in human beings inoculated by the conjuncti- 
val or nasal route with adenoviruses propagated in 
tissue culture (22, 23). The present experiments 
represent the first successful reproduction of acute 
respiratory disease in persons given adenovirus 
by a parenteral route and strongly support the 
etiological significance of these agents in respira- 
tory illnesses of man. Earlier experiments (3, 6, 
7), in which adenoviruses were given parenterally 
by the intramuscular, intracutaneous, and intra- 
tumor routes, and more recently (24), intrave- 
nously, presented evidence of viral infection but 
without significant illness. The reason for the 
present experience, in contrast to the earlier, has 
not been determined but differences in the viral 
inocula employed may be of significance. The 
adenoviruses employed heretofore were grown in 
tissue cultures of human epidermoid carcinoma or 
monkey kidney, while the present virus was propa- 
gated in human intestine cell cultures. Further, 
the infectivity titer of the present inoculum was 10 
times as great as that employed before (7) and 
three types of virus were injected simultaneously 
instead of a single type. 

The clinical course which followed injection of 
the trivalent virus pool was in three phases. The 
initial phase, which lasted 2 or 3 days, was the 
incubation period. During this period, three of 
the volunteers experienced a febrile toxic reaction 
with constitutional symptoms. This is believed 
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to have been due to toxicity of the viral inoculum 
and to be unassociated with infection. The sec- 
ond phase, which began 3 or 4 days post-inocula- 
tion and lasted for 4 or 5 days, represented the 
stage of acute respiratory illness. The third phase 
was the period of convalescence. The acute re- 
spiratory illness induced by adenovirus resembled 
closely that described by Dascomb and Hilleman 
(16) for laboratory-proved cases of the natural 
disease, and also the previous clinical descriptions 
of febrile catarrh (25) and of ARD (14, 15) 
with conjunctival inflammation such as occurs in 
pharyngo-conjunctival fever (7). Thus, there 
were fever, constitutional symptoms, and inflam- 
mation of the mucosae of the eyes, ears, nose and 
throat accompanied by characteristic lymphoid hy- 
perplasia in the pharynx and conjunctivae. Exu- 
date, such as commonly occurs in natural adeno- 
virus disease (16), was also present on the hy- 
perplastic lymphatic tissue in the throat of case 1. 
Cervical lymphadenopathy was a common feature 
of both the natural and experimental disease. 
None of the volunteers, however, presented signs 
or symptoms indicative of spread of the inflam- 
matory process to the larynx, trachea or the lower 
respiratory tract such as occurs in naturally-ac- 
quired adenovirus infections. The 2 or 3-day in- 
cubation period of the disease was consistent with 
the 2 to 7-day period reported by other workers 
who employed different kinds of adenovirus prepa- 
rations given by different routes (20-23). 

The failure to recover adenovirus from the eyes 
and throats of the volunteers was not referable to 
the isolation techniques employed since adeno- 
viruses were concurrently recovered, in the same 
laboratory, from 44 of 55 serologically proved 
cases of naturally occurring adenovirus disease 
(12). Instead, the negative recovery attempts 
clearly excluded the presence of detectable virus 
in the conjunctival and nasopharyngeal secretions 
of the volunteers during their illness. This ab- 
sence of virus from the secretions might be re- 
lated to the intramuscular route of infection in 
contrast to the natural route which is presumed to 
be via the respiratory tract and possibly the con- 
junctivae. Of greater probable significance was 
the rapid increase in amount of neutralizing anti- 
body in the volunteers against all three virus types 
which had achieved the maximal or near maximal 
level by the fourth or fifth day after onset of illness. 
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Such a circumstance seems incompatible with the 
excretion of significant amounts of viable virus 
and might account also for the relatively mild form 
of the illness in the volunteers. This rapid anti- 
body increase is in striking contrast to the natural 
infection in which the homologous neutralizing 
antibody is absent or of very low level during the 
acute illness and does not usually attain the maxi- 
mum titer until 3 weeks after onset of the disease. 
Indeed, this pattern resembles the rapid antibody 
response which follows use of killed monkey kidney 
adenovirus vaccine (10, 11), in which there is 
marked increase after 1 week reaching maximum 
level by 2 weeks post-inoculation, and strongly sug- 
gests that the trivalent material given the volun- 
teers acted as a live virus challenge dose combined 
with a sufficient amount of viable or non-viable 
virus to permit immediate stimulation of the anti- 
body mechanism. 

Live adenovirus vaccine presents the same po- 
tential and theoretical advantages as may be ex- 
pected for living vaccines against other diseases 
such as poliomyelitis, influenza, rabies, yellow fe- 
ver, typhus and others. Thus, the immunity in- 
duced by live virus might be broader immuno- 
logically and less type or strain specific, may be 
longer lasting, and a much smaller quantity of 
virus may be needed to achieve the desired effect. 
The last mentioned factor may be of great im- 
portance for the adenovirus vaccine since, accord- 
ing to present estimates, the killed iuonkey-kidney 
vaccine may prove expensive to produce and as- 
say. Likewise, employment of living vaccine may 
be of advantage in young children in whom prior 
experience with these agents may be lacking and 
the recall phenomenon consequently non-operative. 

The 1 ml. of undiluted viral inoculum given the 
volunteers, which represents a large dose of adeno- 
virus, was employed for the purpose of providing 
an adequate test dose for detection of possible in- 
fectious hepatitis A or B virus. It is believed that 
appropriate reduction in amount of virus given 
might, as found in previous experiments (3, 6, 7), 
have stimulated antibody formation without caus- 
ing significant clinical illness. The high degree 
of effectiveness of the killed monkey kidney vac- 
cine (10-12) and the theoretical objections to the 
use in man of virus grown in serially propagated 
cells of human origin have led us to delay further 
tests of the human intestine preparation in man. 


SUMMARY 


1. Human volunteers injected intramuscularly 
with a pool of types 3, 4, and 7 adenovirus propa- 
gated in tissue cultures of human embryo intestine 
developed acute respiratory illness which began 2 
or 3 days post-inoculation and lasted for 4 or 5 
days. The illness was characterized by fever and 
inflammation of the mucous membranes of the 
eyes, ears, nose and throat with hyperplasia of 
the submucosal lymphatic tissue of the conjunc- 
tivae and pharynx and hypertrophy of the cervical 
lymph nodes. The disease resembled the naturally 
occurring illness “ARD” or “febrile catarrh” with 
conjunctivitis as described for “pharyngoconjunc- 
tival fever.” Three volunteers experienced a fe- 
brile toxic reaction which followed several hours 
after inoculation of virus. 

2. All volunteers, except one who had previ- 
ously received killed virus vaccine, showed a 
marked increase in neutralizing antibody against 
all three types of virus and in complement fixing 
antibody. The antibody titers were diminished, 
on the average, 3 to 6-fold by the end of the 6 to 8- 
month observation period. 

3. The significance of the findings in relation 
to the reproduction of the disease following pa- 
renteral inoculation of virus and the use of live vi- 
rus vaccine against adenovirus infections are 
discussed. 
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Respiratory failure is the most common cause of 
morbidity and mortality in the first few days of 
life, particularly in the premature infant. How- 
ever, the pathologic physiology of both internal 
and external respiration in this age group is poorly 
understood. 

The primary obstacle to the definition of normal 
and altered respiratory physiology in the newborn 
has been the lack of practical methods for study- 
ing ventilation, diffusion and perfusion of the lungs 
in the very young infant. Techniques for such 
studies in cooperative adults are, with certain 
accepted limitations, well established as adequate 
means of quantitative measurement. Because of 
the marked differences in the size of the subjects, 
the volumes of gases to be measured, and the prob- 
lems of resistance to expiration and dead space 
which arise when such equipment is used in small 
infants, these techniques have not previously been 
applied to the study of infants. Indirect methods, 
using a body plethysmograph (1-9), have allowed 
the estimation of some of the elements of ventila- 
tion, but cannot be applied to measurements of 
diffusion or distribution of inspired air. 

The purpose of this paper is to describe equip- 
ment and techniques designed to allow direct quan- 
titative measurement of ventilation and diffusion 
in newborn infants. Results of studies obtained by 
these techniques in a series of normal newborn 
infants are compared with similar measurements 
made by accepted techniques in older children and 
adults. 

METHODS 

The problems of measuring resting pulmonary ventila- 
tion in any age group depend upon the ability to meas- 
ure the amount of gas respired in a one-way system with 
a simultaneous recording of respiratory frequency. The 
estimation of the diffusing properties of the pulmonary 
alveolar-capillary membrane has been approached by at- 
tempting to measure the diffusion capacity for a given gas. 


1 This study was supported by a grant from the U. S. 
Public Health Service (H-1833). 


The diffusion capacity for a gas is defined as that quan- 
tity of a gas transferred each minute for each millimeter 
of mercury difference in partial pressure of that gas 
across the alveolar-capillary membrane (10). Because 
of the technical difficulties of applying to infants methods 
in current use for measuring the diffusion capacity of 
oxygen, and the many assumptions which have to be made 
before it can be considered a valid measurement (11, 12), 
the steady-state carbon monoxide method of Filley was 
chosen as a measure of the diffusion properties of the 
lung (13). Since carbon monoxide, when breathed in 
low concentrations (0.1 to 0.2 per cent), combines so 
readily with hemoglobin, the mean effective pulmonary 
capillary partial pressure of carbon monoxide can be kept 
essentially zero and may be ignored as a measurement 
in this method (14, 15). The method requires, therefore, 
only a knowledge of carbon monoxide uptake and alveolar 
partial pressure of carbon monoxide. 

Because of the necessity of keeping the apparatus dead 
space and resistance to expiration at a minimum in the 
measurement of carbon monoxide diffusion capacity and 
pulmonary ventilation in newborns, a double Donald- 
Christie box arrangement was chosen with a 500-ml. 
counter-balanced spirometer interposed between the boxes 
(16, 17). A small tightly-fitting contour mask of lucite, 
molded to fit the death mask of a premature baby, with 























DOUBLE DONALD-CHRISTIE BOX WITH SPIROMETER 


Fic. 1. Douste Donatp-Curistre Boxes WITH A 
SMALL CoUNTER-BALANCED SPIROMETER INTERPOSED BE- 
TWEEN THE Boxes 


1081 





MILDRED T. STAHLMAN 


TABLE I 
Data used in calculating the diffusion capacity in infants 








P,.CO: 
(mm. Hg) 


CO: content 


pH 
(mM/L. plasma) 


CO uptake 
(art.) 


Wt. 
-) (ml./min.) 


(lb 


PaCO Deco 
(mm.Hg) (ml./min./mm. Hg) 


Number 





33.0 
23.8 
20.9 


20.7 
27.1 
28.7 
26.0 
29.5 
32.7 
33.2 
26.6 
33.2 
27.4 
32.6 
31.8 
26.6 
31.6 
31.4 
39.8 
35.4 
32.8 
29.7 
31.4 
32.6 
34.4 
36.8 
32.9 
28.8 
$2.2 
29.7 
32.8 
35.5 
29.0 
32.4 
28.8 
32.0 
31.3 
36.6 
28.1 
29.1 


29.6 
24.3 


23.18 
16.32 
16.03 


15.55 
22.26 
20.60 
17.48 
23.10 
22.48 
23.30 
19.84 
20.91 
19.26 
21.91 
24.10 
19.94 
23.20 
23.04 
27.98 
23.32 
23.03 
32.48 
23.08 
22.39 
23.61 
26.42 
21.18 
20.70 
21.64 
21.35 
23.10 
22.87 
20.87 
21.78 
21.60 
21.52 
21.53 
25.13 
20.16 
20.40 


20.80 
19.95 


7.43 
7.42 
7.47 
7.39 
7.46 
7.50 
7.44 
7.41 
7.48 
7.42 
7.43 
7.46 
7.39 
7.43 
7.41 


334 
.270 
.230 
.207 
347 
.276 
.234 
.240 
143 
196 
166 
.261 
277 
189 
.218 
.260 
.244 
.227 
330 
322 
253 
.274 
316 
.190 
.282 
.237 
172 
211 
252 
-188 
.266 
.250 
194 
.250 
215 
.176 
155 
156 
-184 
310 
139 
.083 
.286 
172 


240177 
240316 
240316 
240408 
230465 
240696 
240960 
241058 
241221 
241259 
241356 
241362 
241469 
241614 
241681 
241758 
241877 
242026 
242068 
242510 
242570 
242574 
242676 
242811 
242861 
242971 
243519 
243651 
243771 
243933 
244135 
244194 
244570 
244657 
244779 
244923 
245086 
247612 
247533 
247696 
247909 
248502 
221824 
248729 
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spired and expired carbon monoxide concentration were 
analyzed with a Liston-Becker Infra-Red Carbon Monox- 
ide Meter set at full scale deflection with 0.1 per cent 
carbon monoxide, with an accuracy of +2 per cent of 
full scale. The expired and inspired oxygen, carbon 
dioxide, and nitrogen concentrations were measured with 
the Scholander Gas Analyzer, double determinations be- 
ing required to check within 0.04 per cent. With this 
system, carbon monoxide uptake, minute ventilation, alveo- 


an inflatable soft rubber cuff, was interposed between the 
neoprene bags with connecting rubber tubing, and small, 
low resistance “J” valves were placed on the inspired and 
expired sides of the mask to insure one-way gas flow to 
and from the bags. As the baby took in a breath from 
the inspiratory bag, the pressure in the boxes, which were 
widely connected, was lowered and the spirometer fell. 
With expiration into the second bag, the pressure in the 
box system was equalized and the spirometer rose. Any 


difference in inspired and expired volume was compen- 
sated for by the slope of the respiratory curve which was 
therefore a reflection of respiratory quotient. Respira- 
tory frequency could be read from the curve, inspired and 
expired gas concentrations analyzed separately without 
dilution, and the expired volume measured by emptying 
the expired bag into a nine-liter calibrated Collins spirom- 
eter. Figure 1 shows a diagram of the system. The in- 


lar ventilation, oxygen uptake, and carbon dioxide output, 
frequency of respiration and tidal volume were obtained. 

Arterial blood was collected anerobically in greased 
sterile 2-ml. syringes, the dead space of which had been 
filled with sterile heparin solution. The syringes were 
capped with mercury-seal caps and iced immediately. 
Arterial blood pH was done in duplicate on the Cam- 
bridge pH Meter at room temperature and corrected to 
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TABLE II 
Data used in ventilatory calculations in infants 








My 
(L./min.) 
(BTPS) 


ts 


Number f/min. 


CO: output 
(ml./min. 
STPD) 


O:2 uptake 
(ml./min. 


Va 
(L./min.) 
STPD) 


(BTPS) 





240177 
240316 
240316 
240408 
230465 
240696 
240960 
241058 
241221 
241259 
241356 
241362 
241469 
241614 
241681 
241758 
241877 
242026 
242068 
242510 
242570 
242574 
242676 
242811 
242861 
242971 
243519 
243651 
243771 
243933 
244135 
244194 
244570 
244657 
244779 
244923 
245086 
247612 
247533 
247696 
247909 
248502 
221824 
248729 


a 
ee 


a 


— 


— ee 
HSOWBIWOKMSHHSNH AH VSrACHaw waa Bw 


_— 
WQPWANPADOPROAWOHROUNAANSOO ON POWHUNWADANHOROOD 


ao 


ss 


— 


“ 
Dr Go Hs GH m3 3 ~2 90 1D 90 


17.0 
13.2 


442 22.0 
18.0 
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27.0 
14.0 
15.0 
19.0 
14.0 
21.0 
16.0 
23.0 
20.0 
18.0 
20.0 
24.0 
17.0 
20.0 
26.0 
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17.0 
21.0 
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14.0 
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37° C. by subtracting 0.01 pH units for each degree 
below 37° C. Oxygen capacity, oxygen and carbon diox- 
ide contents were run in duplicate on 0.2-ml. samples of 
whole blood on the Van Slyke Manometric Gas Appara- 
tus. The Van Slyke and Sendroy line chart was used to 
calculate the plasma carbon dioxide content from that of 
whole blood (18). 

All babies were from fifteen to forty-five minutes post- 
prandial and most were sleepy or frankly asleep. A 
generous injection of Novocain® was administered into 
the right femoral triangle and this usually elicited one 
or two loud cries which rapidly subsided if the baby was 
soothed. A 20-minute wait followed during which time 
the baby was held on the operator’s lap and rocked; then 
a femoral arterial puncture was attempted and, whenever 
possible, three 2-ml. syringes of blood obtained. If sig- 


nificant crying occurred the procedure was abandoned. 
As soon as the blood was obtained, the baby was wrapped 
in a sheet restraint, placed on the operator’s lap and the 
mask placed gently on the face. If no crying occurred 
(usually the baby went promptly back to sleep if handled 
gently), the baby was allowed a two-minute equilibra- 
tion period breathing 0.1 per cent carbon monoxide in 
air in order to wash the lungs with carbon monoxide and 
to insure that the carbon monoxide uptake to carbon di- 
oxide output ratio was a constant one (13). The kymo- 
graph was then started and the 3-way valves on the two 
bags turned so as to allow the baby to breathe out of the 
first bag and into the second one. The first bag had 
been rinsed and filled with 0.1 per cent carbon monoxide 
in air, and the second one rinsed with room air and emp- 
tied to its dead space which had been previously meas- 
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TABLE Ill 
The relationship of ventilatory and diffusion data to body weight in infants 











Body weight (pounds) 
6.5 to 8.0 8.0 to 8.1 





Correlati 


P 
4.6 to 6.5 Total Coefficient value 





My, L./min. 


Va, L./min. 


O2 uptake, ml./min. 


CO uptake, ml./min. 


Deo, ml./min./mm. Hg 


N 
Mean + S.E. 


N 
Mean + S.E. 


N 
Mean + S.E. 
N 


Mean + S.E. 


T 


Mean + S.E. 


8 

0.34 + 0.04 
6 

0.29 + 0.04 
9 

15.4 + 1.9 
9 

0.19 + 0.02 


6 
1.13 + 0.13 


26 

0.49 + 0.03 
18 

0.41 + 0.02 
26 

17.7 + 1.1 
26 

0.24 + 0.01 


18 
1.65 + 0.15 


9 

0.58 + 0.06 
7 

0.43 + 0.05 
9 

20.0 + 1.7 
9 

0.27 + 0.02 


7 
1.70 + 0.20 


43 
0.49 + 0.02 


31 

0.39 + 0.02 
44 

17.8 + 0.8 


44 
0.23 + 0.01 


31 
1.56 + 0.11 


+0.46 


+0.41 


+0.31 


+0.39 


+0.24 


<0.01 


<0.05 


<0.05 


<0.01 


<0.25 





ured as 20 ml. The baby was then allowed to breathe in 
the system for four minutes. 


If crying occurred the col- 


carbon monoxide as that used for the babies (13). An 
indwelling arterial needle had been placed previously in 


lection was discontinued. 

The diffusion and ventilation measurements on the 
older children and adults were made by the method 
of Filley, MacIntosh, and Wright, using a one-way sys- 
tem of gas collection, and the same inspired mixture of 


a brachial or femoral artery, and the collection of blood 
was made simultaneously with the collection of ex- 
pired gas. 

Posterior-anterior and lateral X-ray films of the 
chest were also made on most of the subjects, both the 
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babies and adults, and all were interpreted by the radi- 
ologists as normal. The X-rays of the babies were made 
within four hours after their diffusion studies. 


Subjects 


Ventilation and diffusion studies have been completed 
in 31 normal, newborn infants ranging in age from 9 to 
96 hours, with a mean age of 38 hours. They varied in 
weight from 4 to 9 pounds, with a mean weight of 7.16 
pounds. The babies were selected at random from a 
small staff newborn service. There were 18 males and 
13 females. Ventilatory studies, carbon monoxide uptake 
and blood gases were measured on an additional number 
of babies on whom, for various technical reasons, dif- 
fusion measurements could not be completed. 

For purposes of comparison, the same ventilation and 
diffusion studies were carried out on 12 normal older 
children and adults of varying body size. 


Calculations 


All definitions and symbols are those designated by the 
Committee on Standardization of definitions and symbols 
in respiratory physiology of the American Physiological 
Society (10). The minute ventilation, My, and alveolar 
ventilation, Va, were expressed in liters per minute at 
BTPS. The CO uptake in ml. of CO per minute was 


chicubited so. Ve (Fre =) ss Free) - where Ce ts the 
2 


total gas volume STPD expired per minute, F; and Fx are 
gas concentrations in inspired and expired volumes, and 


the subscripts refer to the gases in question. The alveolar 
carbon monoxide tension was calculated by using a form 
of the Bohr relation for the alveolar equation and assuming 
that the alveolar CO, tension, PaCOs, is equal to the 
arterial CO: tension, P,CO2. The equation used was (13): 


Feet Fim (p, — 47) 


Paco = i-r 


Vp _ PCO: — PxCOs 


Vr P,COz 


RESULTS 


It was felt that the “steady-state” was achieved 
in 31 of these babies, covering the time between 
the taking of femoral arterial blood and the col- 
lection of expired gas. In an additional 8 in- 
fants, although all data necessary for the calcula- 
tion of D.. were obtained, the values for dead 
space to tidal volume ratios were found to be so 
abnormally high or low that the diffusion capacity 





MILDRED T. STAHLMAN 


INFaNTS 


Dd 
°o 


©, UPTAKE (CC) 
a 








3 4 


5 6 


ALVEOLAR VENTILATION (L) 


Fic. 4. THe CorrELATION OF OxyGEN UPTAKE IN ML. PER MINUTE WITH ALVEOLAR 
VENTILATION IN LITERS PER MINUTE IN 31 NorMAL NEwWsoRN INFANTS 


The solid line represents the regression line for the data and the broken line represents 
two standard deviations around the regression line. 


could not be calculated. It must be presumed that 
these babies were not in a steady state throughout 
the collection of blood and gas samples. Table I 
shows both direct determinations and data used in 
calculating the diffusion capacity on all infants. 
Table II shows both direct and calculated ventila- 
tory data on all subjects. 

The relationship of values obtained on the in- 
fants to body weight is shown in Table III. 

The correlations of carbon monoxide uptake and 
oxygen uptake with alveolar ventilation in infants, 
and in infants combined with adults are shown in 
Figures 2, 3, 4, and 5. The correlation between 
oxygen uptake and carbon monoxide uptake in 
infants, and in infants combined with adults is 
shown in Figures 6 and 7. 


DISCUSSION 


The first question which will be reasonably 
brought up by pediatricians concerning such a 
study on newborn infants is the question of the 
safety of using carbon monoxide as a diffusion 
gas to be measured. If one takes the mean carbon 


monoxide uptake values for these babies of 0.23 
ml. per min. with a mean weight of 7.16 pounds, 
and a mean total hemoglobin of 35 grams for 
babies of the same weight (19), and calculates the 
amount of hemoglobin combined with carbon 
monoxide in six minutes of breathing carbon mon- 
oxide at this low concentration, it amounts to 
approximately 1/35 of the baby’s total hemo- 
globin. Even in conditions of respiratory distress, 
when all the hemoglobin may be needed for oxy- 
hemoglobin combination, this would seem to be a 
negligible amount and would be the equivalent to 
the temporary removal of about 7 ml. of blood 
from a newborn infant. 

The body plethysmograph which has been used 
previously in ventilatory studies in infants offers 
numerous disadvantages in studies requiring ac- 
curate measurements of gas uptake. In addition, 
the sensitivity of such a system is such as to 
dampen out the very small tidal volumes which 
occur with the rapid phase of small infants’ ar- 
rhythmical breathing. The requirements of a 
system utilizing direct measurements of ventila- 





PULMONARY VENTILATION AND DIFFUSION IN THE NEWBORN 


INFANTS @ ADULTS 


8 


Op UPTAKE (CC/MIN} 
& 


=F 


a 
° 








3 r 


ALVEOLAR VENTILATION (1) 


Fic. 5. THe CorrELATION oF OxycGeN UPTAKE IN ML. PER MINUTE AND ALVEOLAR 
VENTILATION IN LITERS PER MINUTE IN 31 NorMAL Newsrorns AS CoMPARED WitH 12 


NoRMAL OLDER CHILDREN AND ADULTS 


The solid line represents the regression line for the combined data. 


tion and gas uptake in a one-way circuit in small 
infants are primarily those of negligible resistance 
and dead space. Resistance to expiration was kept 
low by using the lowest resistance type of one-way 
valves, small “J” valves, the diameter of which 
was chosen as 5 mm. The tracheas of six infants 
dying between birth and six months of age were 
measured in their smallest diameter just above the 
coryna at autopsy and none was found to have 
dimensions greater than 4 by 6 mm. in their AP 
and lateral measurements. The use of a double 
“bag-in-box” system with a weight-compensated, 
low resistance spirometer interposed between the 
boxes contributed toward keeping the resistance to 
expiration minimal. 

The anatomical dead space of the mask obvi- 
ously varied slightly with how tightly the mask 
fitted the anatomical outlines of each baby’s face. 
That the physiological dead space of the mask was 
quite small is demonstrated by the low physiologi- 
cal dead space measurements which were obtained 
on most babies, all of which could be accounted for 
by the upper respiratory passages. 


The ventilatory measurements of minute ven- 
tilation and alveolar ventilation obtained in these 
infants agree favorably with those measurements 
found in the literature made indirectly with the 


body plethysmograph (1-9). Respiratory fre- 
quency in this series of babies is higher than in 
most series counted by other methods, and there- 
fore the average tidal volumes are somewhat less 
than those in the literature. However, the dead 
space-tidal volume ratios are comparable to other 
series of normal newborns and therefore the 
physiological dead space measurements are less 
than those quoted. All these differences can be 
accounted for by the higher respiratory frequency 
recorded by this system. It should be noted, how- 
ever, that this is a skewed distribution. There are 
several possible explanations for such increases in 
frequency. The infant’s normal respiratory pat- 
tern might be disturbed by the mask and valve 
system in such a way as to increase the rate of 
breathing. Since minute ventilation, alveolar ven- 
tilation, carbon dioxide output, oxygen uptake and 
their ratios were undisturbed by the system, it is 
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unlikely that this increased rate was the result of 
any significant change in the overall pattern of 
the infants’ total respiratory physiology. Other 
possible factors to account for this difference in 
rate are the sensitivity of this system to small 
fluctuations in respiratory pattern as compared 
with that of the body plethysmograph, and the pos- 
sible difference in ambient temperature between 
laboratories. The usual temperature of the room 
in which these measurements were made was be- 
tween 85° and 90° F. In addition, the baby was 
swaddled in a sheet or light blanket restraint. Ad- 
ditional evidence that the increased rate was not 
due to a disturbance of the normal resting pulmo- 
nary physiology and metabolism is that the ven- 
tilatory values, when plotted against the gas up- 
take values, are well correlated in both infants and 
adults despite the fact that they were measured 
by different techniques as far as apparatus dead 
space and resistance are concerned. 

Another factor in judging the validity of these 
data is the assumption of the steady-state from the 
time of doing the femoral arterial puncture 


through the end of the gas collection. If any sig- 
nificant crying occurred at any time the proce- 
dure was abandoned from that point. To test the 
assumption that the arterial partial pressure of 
carbon dioxide, as determined from blood taken 
from ten to fifteen minutes before the gas collec- 
tion, represented the alveolar partial pressure of 
carbon dioxide during the time of gas collection, 
the Henderson continuous alveolar sampler was 
modified for infants (20). A series of 18 consecu- 
tive determinations was made comparing arterial 
partial pressure of carbon dioxide, as calculated 
from arterial whole blood carbon dioxide content 
and arterial pH, and the alveolar partial pressure 
of carbon dioxide obtained directly from the al- 
veolar sample taken during the subsequent fifteen 
minutes. These data are shown in Table IV. 
Two of the differences were so large that gross er- 
ror in determinations or am unsteady state must 
have occurred. For the 16 other pairs, the air de- 
terminations exceeded the blood determinations 
by 0.2 mm. Hg on the average, with a standard 
error of + 0.4 mm. Hg, indicating no evidence of 
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bias. The standard deviation for the distribution 
of differences of the 16 pairs was 1.5 mm. Hg. 
These data lend validity to the assumption that 
the steady-state was usually achieved, but also 
show that occasionally when this is not the case 
the calculated values for partial pressure of car- 
bon dioxide might be a source of error of con- 
siderable magnitude. As has been mentioned, 
this was presumably true in 8 of 39 babies. 

The validity of calculating the arterial partial 
pressure of carbon dioxide from arterial pH 
measured at room temperature and the whole 
blood carbon dioxide content was checked by 
placing six 10-ml. samples of whole blood in a 
500-ml. tonometer, filling the tonometer with a 
known concentration of carbon dioxide (about 
5 per cent), incubating it with constant rotation 
at 37° C. for 45 minutes and analyzing the blood 
for pH, oxygen and carbon dioxide content and 
oxygen capacity as usual. The arterial partial 


pressure of carbon dioxide was then calculated 
and compared with the known carbon dioxide ten- 
sion with a mean difference of 1.03 mm. Hg and 
a greatest difference of 1.63 mm. Hg, and it was 
assumed that the usual method of calculating 
P,CO, was satisfactorily accurate. 

The sources of error inherent in the measure- 
ment of pulmonary gaseous diffusion using the 
steady-state carbon monoxide method have been 
discussed in detail by Filley, MacIntosh, and 
Wright (13). 

The factors which might be expected to modify 
the diffusion capacity of gas, assuming that the 
measurements are accurate, are the total surface 
area of the alveolar membrane in contact with 
patent capillaries, the thickness of this membrane 
and its permeability. As yet these three proper- 
ties of the membrane cannot be adequately sepa- 
rated. It might be expected that carbon monoxide 
uptake would have a positive correlation with 
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TABLE IV 


Comparison of arterial and alveolar carbon dioxide 
tensions in eighteen infants 








P.CO: 
(mm. Hz) 


PaCO: 
(mm. He) 





36.6 
28.1 
24.3 
31.3 
29.5 
26.5 
28.8 
24.8 
34.0 
26.5 
28.2 
31.8 
29.7 
31.3 
33.3 
27.6 
28.7 
31.0 


33.9 
28.5 
34.1 
33.3 
30.2 
28.5 
30.4 
24.6 
34.5 
24.6 
28.3 
32.8 
29.5 
24.8 
31.8 
29.2 
29.9 
28.9 





body size since this would be a reflection of the 
surface area of the alveolar membrane available 
for diffusion, provided the lungs were well ex- 
panded. Since oxygen uptake is a reflection of 
total body metabolism and since alveolar ventila- 
tion reflects the gaseous exchange between the 


alveoli and outside air necessary to provide ade- 
quate oxygen uptake and carbon dioxide output, it 
would be expected that alveolar ventilation and 
oxygen uptake would show positive correlations 
with body weight as is the case. The alveolar 
partial pressure of carbon monoxide, however, 
would not be expected to vary with body size but 
with the dead space to tidal volume ratio, alveolar 
ventilation and Dogo and no correlation can be 
shown between P,CO and body weight. Since 
Doo is a calculated ratio between CO uptake and 
P,CO, it is understandable that, with small dif- 
ferences in body size among the babies studied, 
the differences in Doo from one weight group to 
another are not statistically different although 
there is a progressive increase in Doo demon- 
strated in each increase in weight group among 
the infants. 

It can be noted that the pH of arterial blood 
in these babies was within the normal adult range 
and that the arterial plasma CO, content was con- 
siderably lower. This made the P,CO, in the 
newborn as calculated from the Henderson-Has- 
selbach equation lower than the normal adult 
level by an average of 8 to 10 mm. Hg. 
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The oxygen saturation in 15 of the 31 babies 
was 95 per cent or above, and was below 90 per 
cent in only 6. There was no correlation between 
Doo and oxygen saturation and the lungs of these 
partially saturated babies appear to be well ex- 
panded on X-ray examination, and no baby was 
considered to be in respiratory distress at any 
time. It is therefore suggested that the degree of 
unsaturation found in femoral arterial blood of 
these non-crying babies was due to persistent 
right-to-left fetal shunts, intra-cardiac or extra- 
cardiac (21). 

The good correlation of CO uptake and alveo- 
lar ventilation in both infants and adults has been 
shown by other investigators, not only at rest but 
also during work and during voluntary hyper- 
ventilation (13). To check whether this spread 
in alveolar ventilation values in these infants was 
due to true differences in ventilation need, or to 
hyperventilation, the oxygen uptake was also 
plotted against alveolar ventilation. This also 
shows a high degree of correlation for both sets of 
data. The RQ’s were normal in these babies, the 
mean being 0.80, which tends to exclude hyper- 
ventilation as a cause for these differences in al- 
veolar ventilation from baby to baby. Since oxy- 
gen consumption should not be affected in the 
same way as CO uptake by hyperventilation, the 
data for oxygen uptake and CO uptake were 
plotted against each other for both infants and 
adults. They correlate well, with the origins of 
the regression lines passing through zero. This 
is further evidence that hyperventilation was not 
an important factor in values obtained for Doo 
in these infants. 


SUMMARY AND CONCLUSIONS 


1. The Filley steady-state carbon monoxide 
method of estimating the diffusion of gases across 
the pulmonary alveolar-capillary membrane has 
been modified for use in newborn infants. 

2. A method for making direct ventilation and 
gas uptake measurements utilizing a face mask 
and doubie Donald-Christie box with a spirometer 
interposed between the boxes has been designed 
for use in infants. 

3. Diffusion and ventilation studies have been 
carried out in 31 normal newborn infants and in 
12 normal older children and adults for com- 
parison. 
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4. Ventilation studies are described in an addi- 
tional fifteen newborn infants in whom diffusion 
studies were not completed. 

5. Carbon monoxide uptake, alveolar ventila- 
tion, minute ventilation, oxygen uptake, and the 
diffusion capacity for carbon monoxide are shown 
to increase with body weight in infants. 

6. Carbon monoxide uptake and oxygen up- 
take are shown to correlate well with alveolar ven- 
tilation in both infants and adults and carbon 
monoxide uptake correlates well with oxygen 
uptake. 

7. Although the method has inherent draw- 
backs as a measure of gaseous diffusion across the 
pulmonary alveolar-capillary membrane, it is 
thought that it can be applied to newborn infants 
in respiratory distress in an attempt to delineate 
the types of pathological pulmonary physiology 
which occur in the newborn period. 
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Immunity to group A streptococcal infections 
has been shown to be associated with the forma- 
tion of antibody to the type-specific component of 
the streptococcus, M-protein (1). In spite of its 
apparent importance, little is known concerning 
this antibody. A variety of techniques has been 
employed in the study of type-specific antibody 
but for practical purposes the bacteriostatic test 
is the only method which has proved to be satis- 
factory. Using this technique, Kuttner and 
Lenert (2) reported that, following infection with 
a Type 36 streptococcus, all patients. developed 
type-specific antibody, and that the antibody per- 
sisted for long periods of time and was unrelated 
to the development of antistreptolysin O. These 
authors, however, were unable to demonstrate sig- 
nificant type-specific antibody in patients following 


infection with Types 15 and 19 streptococci. In 
extensive studies of the bacteriostatic test in three 
patients, Rothbard (3) found that type-specific 
antibody appeared 3 to 5 weeks following infection 


and persisted for at least 37 weeks. Rothbard, 
Watson, Swift, and Wilson (4) observed that 
bacteriostatic antibody appeared in 76 per cent of 
82 streptococcal infections (71 patients) 2 to 10 
weeks following onset of the disease; patients who 
developed rheumatic fever exhibited rises more 
frequently than did those patients who did not 
suffer this complication. In addition, these au- 
thors reported that bacteriostatic antibody ap- 
peared later than antistreptolysin O and that the 
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rise in bacteriostatic antibody was slightly delayed 
in patients who developed rheumatic fever. In a 
study of patients with scarlet fever treated with 
penicillin, Daikos and Weinstein (5) reported that 
the administration of penicillin suppressed forma- 
tion of type-specific bacteriostatic antibody and 
that there was a relation between the dose and 
route of administration of penicillin and the de- 
gree of suppression. 

In the studies to be described, the time of de- 
velopment of type-specific bacteriostatic antibody 
in patients with untreated infections due to several 
types of group A streptococcus was determined ; 
the effect of penicillin and Aureomycin® treat- 
ment on the inhibition of type-specific antibody as 
related to the persistence of the streptococcus was 
studied; and the time of development of type- 
specific antibody in patients with rheumatic fever 
and uncomplicated streptococcal infections was 
compared. In most instances, the development of 
this antibody was compared with the development 
of the more widely studied streptococcal antibody, 
antistreptolysin O. 


DESCRIPTION OF STUDY 


This study was conducted at Francis E. Warren Air 
Force Base, Wyoming, on airmen whose ages were be- 
tween 19 and 21 years. The following criteria for in- 
clusion in the study were employed: 1) The presence of 
exudative pharyngitis or tonsillitis, 2) a peripheral leu- 
cocyte count of 10,000 or greater, 3) the isolation of 
typable group A streptococci from the throat culture, and 
4) availability for follow-up examinations for at least 
three months after the acute infection. In addition, a 
small group of patients with streptococcal infections who 
did not meet all the above criteria but who subsequently 
developed acute rheumatic fever was included. 

Ninety-four patients fulfilled the above criteria and 
were admitted to the study. Forty-nine patients had un- 
complicated streptococcal infections and were given no 
specific treatment; classification of the streptococci iso- 
lated from the throat cultures of these patients showed 
that 9 were Type 5, 9 were Type 6, 12 were Type 24, and 
19 were Type 14. Thirteen patients with rheumatic fe- 
ver were included; 8 had previously had Type 14 infec- 
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tions and 5 had had Type 24 infections. Twenty-two pa- 
tients with Type 14 streptococcal infections were treated 
with Aureomycin®, and 10 patients with Type 14 strep- 
tococcal infections were treated with penicillin. These 
patients all had uncomplicated infections and were treated 
at random as part of another study. Aureomycin® ther- 
apy consisted of the oral administration of a total dose of 
10.5 Gm. over a period of five days. Procaine penicil- 
lin G in sesame oil with 2 per cent aluminum monostearate 
was administered by intramuscular injection in doses of 
600,000 units on admission to the study, and again in 72 
hours. 

Throat cultures and sera were obtained from all pa- 
tients at the time of admission to the hospital, at ap- 
proximately 2-week intervals for 2 months, and then at 
monthly intervals. Cultures were taken with dry sterile 
cotton swabs and streaked directly onto sheep-blood agar. 
In most instances another swab was also incubated in 
Pike’s selective broth (6) for 18 hours and then sub- 
cultured on sheep-blood agar. Beta-hemolytic strepto- 
cocci were classified according to the method of Swift, 
Wilson, and Lancefield (7). Antistreptolysin O titers 
of all sera from each patient were determined concomi- 
tantly by a modification of the technique of Hodge and 
Swift (8). Differences of two dilution increments (0.2 
log) were considered indicative of infection. 

Type-specific antibody was measured by a modification 
of the technique as reported by Rothbard (3). Details 
of this method are as follows: 

Streptococcal strains. Strains of streptococci freshly 
isolated from throat cultures of patients acutely ill with 
streptococcal infections were used in all experiments. 

Preparation of cultures. Stock strains of streptococci 
were kept at — 20° C. These were prepared by growing 
the streptococcus in fresh beef-heart infusion broth for 
6 to 8 hours, adding 2 per cent sterile rabbit or sheep se- 
rum, and rapidly freezing in small aliquots in a carbon di- 
oxide ice-alcohol bath. The day before each experi- 
ment, 0.25 cc. of the stock culture was added to 5 cc. of 
beef-heart infusion broth to which had been added a drop 
of sheep blood. This culture was incubated for eight 
hours at 37° C. with frequent shaking. One-tenth cubic 
centimeter of this rapidly growing culture was added to 
5 cc. of beef-heart infusion broth and incubated at 37° C. 
for 15 hours. Tenfold serial dilutions of this culture were 
made in dextrose phosphate broth and were the dilutions 
used in the bacteriostatic test. The number of chains of 
streptococci per cubic centimeter was calculated by pour- 
ing sheep blood agar plates containing 0.5 cc. of the 10° 
dilution and 1.0 cc. of the 10% dilution. The 10* dilution 
usually contained 100 to 200 colonies per cc., and the 10* 
dilution, 10 to 20 colonies per cc. 

Source of blood. Blood from normal adults which 
showed no bacteriostatic activity for the streptococci un- 
der investigation was used in all experiments. Heparin 
in a final dilution of 1: 30,000 was used as an anticoagu- 
lant. Leucocyte counts were performed on all specimens 
and were always above 4500 per cubic millimeter. 

Bacteriostatic test. All sera from each patient were 
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TABLE 1 
The development of type-specific antibody and antistrepto- 
lysin O in patients with untreated infections due to 
different types of Group A streptococci 








Patients developing significant 
antibody increase* 





Type-specific 
antibody Antistreptolysin 





No. Per cent No. Percent 





14 
24 


Total 





* Type-specific antibody—2 logs or greater; antistrep- 
tolysin O—0.2 log or greater. 


tested concomitantly against homologous and heterologous 
types of streptococci. Five-hundredths of a cubic centi- 
meter of each serum was added to a series of six tubes 
(100 by 7 mm.). To these tubes was added 0.05 cc. of 
the appropriate dilution of culture, 10* through 10%. 
Freshly drawn heparinized blood, 0.25 cc., was then added 
to each tube. The tubes were sealed in an oxygen-gas 
flame and incubated at 37° C., in an electrically driven 
machine which rotated the tubes on the long axis at 8 
R.P.M. Gross readings for the presence of hemolysis of 
the blood were made after 14 hours; the presence of 
hemolysis indicated growth of the streptococcus and ab- 
sence of bacteriostatic antibody; the absence of hemolysis 
indicated failure of the streptococcus to grow and the 
presence of bacteriostatic antibody. Differences in read- 
ings of 2 tubes (2 logs) or greater were considered 
significant. 


RESULTS 


The development of type-specific antibody and 
antistreptolysin O in patients with untreated and 
uncomplicated infections due to Types 5, 6, 14 
and 24 group A streptococci is shown in Table I. 
Type-specific antibody developed in 45 of 49 pa- 
tients, or 92 per cent, while a diagnostic increase 
in antistreptolysin was demonstrated in 48, or 
98 per cent, of the patients. The difference in 
the percentage of patients who developed these 
two antibodies according to the type of the infect- 
ing streptococcus was insignificant. 

Figure 1 shows the time of development of anti- 
streptolysin O in the same group of patients. This 
figure shows, by 10-day periods following the on- 
set of the streptococcal infection, the cumulative 
per cent of patients who developed a 2-tube or sig- 
nificant rise of antistreptolysin. By the end of 30 
days the majority of patients had developed in- 
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Fie. 1. 


Time OF ANTISTREPTOLYSIN O RESPONSE IN PATIENTS WITH INFECTIONS Due To DIFFERENT TYPES OF 


Group A Srreptococct 
Serum samples were not obtained from all individuals in every 10-day period in the studies presented in Figures 
1 through 4. The values for each period, however, were calculated using the total number of individuals in the group 
as the denominator; patients were included in the numerator at the time of the demonstrated antibody increase, re- 


gardless of the time that had elapsed since the previous antibody determination. 


This was considered justifiable after 


it had been demonstrated that the shapes and relative positions of the curves were almost identical when patients were 
included in the numerator in the period immediately following the time of the last serum that showed no antibody 
increase, regardless of the time that elapsed until the antibody increase was exhibited. 


creases in antistreptolysin and there was no sig- 
nificant difference among patients with infections 
due to different types of streptococci. 

The time of development of type-specific anti- 
body in the same patients is shown in Figure 2. 
Those patients with Type 24 infections developed 
antibody most rapidly, so that by 40 days after 
the onset of the acute illness 83 per cent of pa- 
tients had shown significant rises. This is in 
contrast to the development of type-specific anti- 
body in those patients with Type 5 infections. By 
40 days only 11 per cent had developed antibody, 
and it was not until after 80 days that 88 per cent 
had shown significant rises. Patients with Type 


6 and Type 14 infections developed type-specific 
antibody at rates that were between these two ex- 
tremes. It is apparent that antistreptolysin O de- 
veloped rapidly following streptococcal infections 
and the time of development was not altered by 


the infecting type of streptococcus. In contrast, 
type-specific antibody developed slowly and the 
rate at which this antibody appeared was de- 
pendent on the serological type of the infecting 
organism. 

The time of development of type-specific anti- 
body in the eight patients with Type 14 infections, 
and in five patients with Type 24 infections who 
subsequently developed rheumatic fever, was the 
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same as in the patients with uncomplicated in- 
fections due to these same types. 

Figure 3 shows the development of antistrep- 
tolysin in patients with Type 14 streptococcal in- 
fections as it is affected by treatment with Aureo- 
mycin® or penicillin. The group of patients who 
received no treatment is the same as that shown 
in Figures 1 and 2, Aureomycin® therapy caused 
only slight inhibition to the development of anti- 
streptolysin, while penicillin therapy resulted in 
marked suppression. By 30 days only 40 per 
cent of patients treated with penicillin had shown 
a significant increase in titer, and it was not until 
60 days that 80 per cent of the patients had a 2- 
tube rise. 

Figure 4 shows the development of type-specific 
antibody in the same group of patients. Aureo- 


mycin® treatment resulted in partial inhibition of 
this antibody; only one patient had developed 
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antibody before 50 days, and only a little over 60 
per cent of patients developed antibody by the time 
the study was terminated. In contrast to this, no 
patients in the penicillin treated group developed 
type-specific antibodies, even though they were 
followed for periods of up to 115 days. 

Because of the marked differences that were 
seen between the group treated with Aureomycin® 
and that treated with penicillin in the development 
of both kinds of antibody, an attempt was made 
to explain these differences. The effect of treat- 
ment on the persistence of the infecting type of 
streptococcus in the follow-up cultures is shown 
in Table II. All patients who received no therapy 
continued to harbor the infecting type of strepto- 
coccus ; of the 10 patients treated with penicillin, 
1 patient had one positive culture following treat- 
ment; of the 22 patients treated with Aureomy- 
cin®, 19 showed a positive culture at some time 
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See explanatory note to Figure 1. 


following therapy. Table II also shows the rela- 
tionship of the persistence of streptococci to the 
development of antibody. None of the patients 
who had consistently negative follow-up cultures 
developed type-specific antibody, while 31 of 39 
patients with positive follow-up cultures developed 
this antibody, regardless of the type of treatment. 
Fourteen of the 19 patients who continued to har- 
bor streptococci in spite of Aureomycin® therapy 
developed type-specific antibody. All patients 
with positive follow-up cultures developed anti- 
streptolysin responses; 9 of the 12 patients with 
negative follow-up cultures developed this anti- 
body. It was concluded, therefore, that in the 
doses used, penicillin was more effective than 
Aureomycin® in the eradication of streptococci, 
that there was close correlation between the de- 
velopment of antibody and the eradication of 
streptococci, and that this effect was more pro- 
nounced in the case of type-specific antibody than 
in the case of antistreptolysin. 


DISCUSSION 


The techniques which have been employed in 
the study of M-protein or type-specific strepto- 
coccal antibody include agglutination (9), pre- 
cipitation (10), mouse protection (11), hemag- 
glutination (12), and bacteriostasis (2, 3). In 
the study of human infections, all of these methods 
except the bacteriostatic test have proved to be 
unsatisfactory because of non-specific reactions, 
technical difficulties, or difficulty in interpreting 
results. Rothbard (3) described the bacteriostatic 
test in detail, and the method used in this study 
was a modification of his procedure. Preliminary 
studies had shown that the modified test gave re- 
sults that were comparable to those obtained with 
the original test and that it was easier to perform. 

The bacteriostatic test has many variables and 
there is no adequate quantitative control. The 
differences shown in the present paper in the time 
of development of type-specific antibody accord- 
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ing to the infecting type of streptococcus, and the 
effect of therapy on the type-specific antibody re- 
sponse must, therefore, be interpreted with cau- 
tion. It should be pointed out that there is no 
assurance, with the present test, that the levels of 
antibody measured are the effective levels in the 


host. It should also be emphasized that there was 
great variation in the time of development of type- 
specific antibody among individuals infected with 
a single type of streptococcus. While there were 
definite patterns in the time of development with 
each type, there were overlaps between types at 


TABLE II 
The relationship of the persistence of streptococci to antibody response in patients receiving various types of treatment 








Follow-up cultures 


No. 





Treatment Results 


Patients developing antibody increase 





Antistreptolysin 


No. 


Type-specific antibody 
No. 








Per cent Per cent 





Positive 19 
Negative 0 


None 
(19 patients) 


Positive 1 
Negative 9 


Positive 19 
Negative k 


39 
12 


Penicillin 
(10 patients) 


Aureomycin ® 
(22 patients) 


Total Positive 


Negative 


17 100 


100 
78 


100 
67 


100 
75 
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each time period. Other facets of the present 
study which were not ideal, but about which noth- 
ing could be done, were the selection of patients 
by rather rigid criteria, the small numbers of pa- 
tients available, and the inability to obtain serum 
samples at exact intervals from all patients. 
Rothbard, Watson, Swift and Wilson (4) re- 
ported that type-specific antibody begins to rise 
later than antistreptolysin O in patients with un- 
complicated streptococcal infection, the average 
time of rise being 4.2 and 2.4 weeks, respectively. 
The results reported in this paper confirm the dif- 
ference in the time of rise of antistreptolysin and 
type-specific antibody. According to Rothbard and 
his associates, type-specific antibody began to rise 
slightly later and antistreptolysin slightly earlier 
in patients who developed acute rheumatic fever 
as compared with those who developed no com- 
plications. In the present study, however, no dif- 
ferences were noted in the time of development 
of Types 14 and 24 antibodies in patients with 
uncomplicated streptococcal infections and in those 
who developed rheumatic fever. Since Rothbard 


and his group did not report differences in the 


time of development of antibodies according to the 
serological type of the infecting streptococcus, it 
is possible that the difference they observed might 
have been due to a difference in distribution of 
infecting types between the uncomplicated group 
and the group developing rheumatic fever. It is 
also possible that the number of patients observed, 
particularly in the present study, was too small to 
demonstrate significant differences of this type. 

Stetson (13) and Rantz, Boisvert, and Clark 
(14), have reported that antistreptolysin O re- 
sponse varies with the infecting type of strepto- 
coccus. Rantz and hi§$ group found differences in 
the magnitude and time of response, while Stetson 
reported only on the magnitude of the responses. 
It is possible that some of the observed differences 
in the time of the response may be significant, but 
the present data do not allow this conclusion. In 
contrast, the differences in the time of develop- 
ment of type-specific antibody according to the 
serological type in these same patients are quite 
marked. 

Daikos and Weinstein (5), using Rothbard’s 
technique, reported that penicillin treatment of 
streptococcal infections suppresses the develop- 
ment of type-specific antibody. When penicillin 
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was given intramuscularly for 10 days, no patients 
developed this antibody ; penicillin given intramus- 
cularly for 7 days, or penicillin administered orally 
for 7 or 10 days, resulted in significantly higher 
percentages of patients developing antibody. 
These authors attributed these differences to the 
speed with which the various therapeutic sched- 
ules eliminated the infecting organism. The de- 
velopment of type-specific antibody in the pres- 
ent study appeared to be correlated with the per- 
sistence of streptococci in the throat of the host. 
No patients in whom the streptococci had been 
eradicated developed this antibody, while a high 
percentage of those who continued to harbor the 
organisms in spite of treatment showed significant 
rises. Furthermore, in patients in whom the 
organism was not eliminated, the degree of sup- 
pression seemed important. While cultures from 
14 of 19 patients treated with Aureomycin® 
showed streptococci at some time following treat- 
ment, the number of positive cultures and the de- 
gree of positivity of the cultures were reduced in 
most instances. 

These results are in contrast to those obtained 
when antistreptolysin was measured. Most pa- 
tients developed this antibody even though strep- 
tococci were eradicated. It is of note that in the 
penicillin-treated group 80 per cent of patients 
eventually developed significant increases of this 
antibody, yet in four patients the increase was not 
observed until 50 days following the onset of the 
infection. This failure of penicillin to prevent 
completely the formation of antistreptolysin, in 
spite of the apparent eradication of the strepto- 
coccus and the complete inhibition of type-specific 
antibody, suggests that the major antigenic stimu- 
lus to the formation of antistreptolysin occurs 
early in the course of streptococcal infections, 
while the stimulus to the formation of type-specific 
antibody occurs over a much longer period. This 
observation is in agreement with data reported by 
Brock and Siegel (15). These authors found 
that treatment of streptococcal pharyngitis with 
penicillin within 31 hours after the onset of the 
disease was more effective in the suppression of 
antistreptolysin formation than therapy delayed 
for 3 or 5 days. It is also possible that the more 
frequent antistreptolysin response represents a 
recall phenomenon, in that the patients probably 
had had previous contact with streptolysin and a 
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small amount of antigen might induce detectable 
antibody; on the other hand, they probably had 
not had contact with the M-protein of the strepto- 
coccus causing the observed infection. 

Previously published data have shown that 
Aureomycin® therapy is as effective as penicillin 
therapy in relieving the symptoms of acute strep- 
tococcal infections (16). The data presented here, 
however, show that Aureomycin® in the doses em- 
ployed is not as effective as penicillin in eradicat- 
ing the streptococcus or inhibiting the formation 
of type-specific antibody. Theoretically, Aureo- 
mycin® would have the advantage of curing the 
patient but still allowing the formation of anti- 
bodies that protect against reinfection. However, 
the chances of reinfection following penicillin 
therapy are not great. Furthermore, unless the 
streptococcus is eradicated, patients may develop 
recurrences of exudative pharyngitis and the at- 
tack rate of rheumatic fever may not be decreased 
(17). Penicillin, therefore, remains the drug of 
choice in the treatment of streptococcal infections. 


SUMMARY 


Type-specific streptococcal antibody developed 
in the majority of individuals following strepto- 
coccal respiratory infections. In contrast to anti- 
streptolysin, this antibody developed slowly and 
showed marked variation in the time of develop- 
ment according to the serological type of the in- 


fecting streptococcus. Treatment with penicillin 
or Aureomycin® inhibited the formation of this 
antibody, penicillin causing the greater degree of 
inhibition. The degree of inhibition appeared to 
be related to the successful elimination of the or- 
ganism by therapy. 
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Hypoxemia has long been known to produce a 
decrease in resistance in the vascular system of 
the heart. From studies on the effect of hypox- 
emia on coronary blood flow in the dog heart-lung 
preparation, Hilton and Ejichholtz (2) reached 
the conclusion that the decrease in coronary re- 
sistance produced by hypoxemia is due to a direct 
action of low arterial oxygen tension on the 
smooth muscle of the vessels. However, the evi- 
dence in support of this contention is indirect and 
does not exclude myocardial hypoxia as the ini- 
tiating factor. 

If it can be demonstrated that under certain ex- 
perimental conditions, which exclude myocardial 
hypoxia, a reduction in coronary arterial oxygen 
content does not increase coronary blood flow, 
then it would appear doubtful that low arterial 
oxygen tension has a direct action on the smooth 
muscle of the coronary vessels. This report is 
concerned with experiments in which high coro- 
nary perfusion pressures were employed in an at- 
tempt to determine the effect of low arterial oxy- 
gen tension on the coronary vessels in the absence 
of myocardial hypoxia. 


METHODS 
I. Experiments on the intact beating heart 


Eleven technically satisfactory experiments were per- 
formed on open-chest dogs anesthetized with pentobarbi- 
tal (30 mgm. per Kg.). 

Preparation. The chest was opened in the fourth left 
intercostal space and artificial respiration started. Fol- 
lowing administration of heparin ® the left common coro- 
nary artery was cannulated with an Eckstein cannula (3) 
and perfused from a carotid artery via a pump perfusion 
system (Figure 1). By means of this perfusion system 
any desired perfusion pressure could be obtained regard- 
less of aortic pressure. The coronary sinus was can- 
nulated and the sinus outflow routed to the right jugular 


1 Supported by a grant from the Cleveland Area Heart 
Society. 

2 Published previously as a preliminary report (1). 

8 Kindly supplied by the Upjohn Company, Kalamazoo, 
Michigan. 


vein. Coronary blood flow was measured by an optically 
recording rotameter (4). Perfusion pressure was kept 
constant by means of a screw clamp and an air outlet 
at the top of the reservoir and was measured at a point 
just proximal to the coronary cannula. Perfusion and 
aortic pressures were optically recorded by modified 
Gregg manometers. 

Deoxygenation of blood. Arterial blood from the 
experimental animal was deoxygenated by passing it 
directly from a femoral artery through the lungs of a 
recently sacrificed dog whose lungs were intermittently 
inflated with 5 per cent CO, in nitrogen. Different de- 
grees of desaturation could be obtained by varying the 
rate of blood flow through the lungs, varying the respira- 
tory cycle in the isolated lungs, or altering the oxygen 
content of the gas used to inflate the isolated lungs. 
For control periods, femoral arterial blood was passed 
through lungs intermittently inflated with 5 per cent 
CO, in oxygen. 

Experimental procedure. The deoxygenated or oxy- 
genated arterial blood was pumped through tube A (Fig- 
ure 1) into the reservoir, and thence through the sys- 
tem into the left coronary artery at constant perfusion 
pressures. Records of pressure and flow and samples of 
coronary artery and coronary sinus blood were obtained 
two minutes after perfusion with deoxygenated or oxy- 
genated blood was started. Coronary blood flow and 
coronary sinus oxygen content were stabilized at this 
time. Analyses for oxygen content were done in dupli- 
cate by the method of Roughton and Scholander (5). 
Between experimental periods perfusion of the left coro- 
nary artery was maintained by clamping the tubing at A 
and unclamping at B (Figure 1). Arterial pressure was 
kept nearly constant in the experimental animal by 
means of a Lampson bottle connected to one femoral 
artery. At no time was there systemic hypoxia since 
artificial respiration with room air was continued through- 
out the experiment. At the conclusion of each experi- 
ment the perfused part of the heart was stained with India 
ink, excised and weighed. 


II, Fibrillating heart preparation 


In two experiments, a dog fibrillating heart prepara- 
tion was employed and the left coronary artery was per- 
fused. The fact that the right coronary artery was not 
perfused does not affect the results in these experiments, 
since 1) flows were compared at equal perfusion pres- 
sures during control and hypoxemia periods, and 2) col- 
lateral flow between right and left coronary arteries is 
less than one cubic centimeter of blood per minute (6). 
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DIAGRAM OF THE APPARATUS 


P. = Modified Dale-Schuster pump; P.E.C. = Photoelectric cell with relay to start 
pump when level in reservoir falls; ROT. = Rotameter ; C.A. = Carotid artery; S.V.C. 
= Superior vena cava; I.V.C.=Inferior vena cava; L.A.D. = Left anterior descend- 
ing coronary artery; R.C.A.= Right coronary artery; P.P.= Perfusion pressure; 


A.P. = Aortic pressure. 


The vena cavae and azygos vein were ligated and the 
main pulmonary artery was cannulated centrally. Be- 
tween experimental periods blood from a donor dog per- 
fused the left coronary artery via tube C (Figure 1) and 
was collected from the pulmonary artery and periodically 
returned to the donor. In these experiments the lungs of 
the experimental animal (fibrillating heart) were used 
for deoxygenating the donor dog’s arterial blood in the 
same manner as for the experiments on the beating heart. 


RESULTS 


In the first two experiments (Table I), coro- 
nary artery perfusion pressure was set at 100 
mm. Hg. In these experiments control coronary 
sinus oxygen was in the upper level of the normal 
range. However, when the coronary arterial oxy- 
gen content was reduced to approximately half 
the control values, the sinus oxygen content 
reached very low levels and coronary blood flow 
exhibited a large increase. Aortic pressure, heart 
rate, and myocardial oxygen consumption re- 
mained relatively constant. 


In the third experiment, coronary artery per- 
fusion pressure of 130 mm. Hg produced high 
coronary sinus oxygen levels when coronary ar- 
terial blood was fully saturated with oxygen. Re- 
ducing arterial oxygen content from 23.1 to 8.9 
volumes per cent resulted in an increase in coro- 
nary flow and a reduction of coronary sinus oxy- 
gen content from 12.5 to 2.2 volumes per cent. 
It was only by virtue of the increment in blood 
flow that the myocardial oxygen supply was main- 
tained. In periods 4 and 6 of Experiment 3 
arterial oxygen content was reduced so drastically 
that the extraction of oxygen from blood perfus- 
ing the myocardium was almost complete. De- 
spite the large increases in blood flow in periods 4 
and 6 the cardiac oxygen supply was impaired and 
myocardial oxygen consumption fell below con- 
trol levels. 

in Experiments 4 and 5, control coronary si- 


nus oxygen contents were within the normal 
range and the increments in coronary blood flow 
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TABLE I 
Effect of reduction in arterial oxygen content on coronary blood flow at different perfusion pressures 








Perfusion Arterial Coronary Heart Aortic 
CBF pressure Oz sinus Oz Os cons. rate pressure 





cc./min./100 gm. mm, Hg vol. % vol. % cc./min./100 gm. beats/min. mm. Hg 
80 98 21.1 180 119/98 

11.3 170 130/104 

19.1 170 120/96 


156 122/108 
156 122/107 
156 122/108 
156 124/105 
156 126/110 
156 121/101 
156 119/105 


120 130/97 
120 139/113 
120 137/116 
120 146/116 
120 130/110 

154/120 


128/114 
145/128 
134/118 
134/118 
134/118 


148/121 
150/122 
152/124 
158/127 
150/120 
157/124 


140/104 
140/104 


113/79 
114/81 
112/80 


121/99 
125/100 
129/101 
125/98 
129/100 


129/91 
141/101 
147/102 
135/101 
125/93 


139/110 
140/109 
145/114 
133/101 
141/106 


120/95 
124/98 
114/90 
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Fic. 2. Errect or HypoxeMiA on Coronary Bioop FLow 


AT Two DIFFERENT PERFUSION PRESSURES 


were roughly proportional to the reduction in 
coronary sinus oxygen content observed. 

In Experiments 6 through 13, high coronary 
sinus oxygen levels were maintained during control 
periods by employing a high perfusion pressure. 
With moderate decreases in arterial oxygen con- 
tent coronary blood flow remained relatively con- 
stant and coronary sinus oxygen content did not 
fall below 5.9 volumes per cent. Myocardial oxy- 
gen consumption, aortic pressure, and heart rate 
showed little change. 

The importance of the oxygen supply to the 
myocardium, as reflected by the level of coronary 
sinus oxygen content, is illustrated in Figure 2, in 
which the effect of alterations in arterial oxygen 
content on coronary blood flow is seen in the 
same animal at different perfusion pressures. At 
a pressure of 160 mm. Hg and arterial oxygen 
content of 18.5 volumes per cent, coronary sinus 
oxygen content was 6.3 volumes per cent and 
coronary blood flow was 70 cc. per minute per 
100 grams of heart muscle. When arterial blood 
containing 12.6 volumes per cent of oxygen was 
infused into the left coronary artery at the same 
pressure, coronary sinus oxygen content was re- 
duced to 2.8 volumes per cent and flow rose to 
105 cc. per minute. In the second half of the 
experiment, perfusion pressure was increased to 
180 mm. Hg and at a control arterial oxygen level 
of 18.5 volumes per cent coronary flow was 136 
cc. per minute and coronary sinus oxygen content 
13.2 volumes per cent. When the arterial oxygen 
content was reduced to 11.7 volumes per cent at 


this higher perfusion pressure, coronary sinus 
oxygen content decreased to 6.0 volumes per cent 
and no significant change in coronary blood flow 
occurred. 

The relationship between coronary blood flow 
and the oxygen content of venous blood is de- 
picted for all experiments in Figure 3. The points 
represent the cardiac venous blood oxygen content 
during coronary perfusion with partially desatu- 
rated arterial blood plotted against the observed 
change in coronary blood flow. No change in 
coronary blood flow occurred at coronary sinus 
oxygen levels greater than 5.5 volumes per cent. 
However, below this point a direct relationship 
appears to exist between the reduction in coronary 
sinus oxygen content and the increase in coronary 
blood flow. 

The absence of a direct relationship between 
arterial oxygen content and coronary blood flow 
is illustrated by Figure 4, in which arterial oxygen 
content of partially desaturated blood perfusing 
the coronary artery is plotted against the change 
in coronary blood flow observed during the infu- 
sion period. In Figure 4 the solid circles repre- 
sent arterial oxygen values in experimental pe- 
riods when coronary sinus oxygen was greater 
than 5.5 volumes per cent and the open circles 
when coronary sinus oxygen was below 5.5 vol- 
umes per cent. In the range of arterial oxygen 
content (10 to 15 volumes per cent), in which 
there is overlap of venous oxygen levels above and 
below 5.5 volumes per cent, all the points repre- 
senting the higher coronary sinus oxygen levels 
are clustered about zero flow change, whereas 
points representing the lower sinus oxygen levels 
(at the same arterial oxygen level) are associated 
with increases in coronary blood flow. 
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See text for discussion. 
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DISCUSSION 


A reduction in the oxygen content of blood per- 
fusing the coronary arteries and arterioles has no 
direct effect upon resistance within the vascula- 
ture of the heart, provided that the myocardium 
receives an adequate supply of oxygen. The fact 
that coronary blood flow increased when coronary 
sinus oxygen content fell below 5.5 * volumes per 
cent, regardless of the arterial oxygen content, 
suggests a causal relationship between venous oxy- 
gen content and coronary resistance in hypoxemia. 
A similar correlation has been found by Katz, 
Katz, and Williams (7). Since it is unlikely that 
dilation of venules or veins can produce reductions 
in coronary resistance of the order of magnitude 
observed in the present studies, and since venous 
oxygen content closely reflects tissue oxygen con- 
tent, the coronary dilation of hypoxemia can prob- 
ably be ascribed to reductions in oxygen content 
within the myocardium. This relative myocardial 
hypoxia could result in the local release of vaso- 
active metabolites, an idea that has been considered 
for over half a century. If arterial oxygen content 
is the primary factor responsible for resistance 
changes in the coronary circulation, then reduc- 
tion in arterial oxygen content should have been 
equally effective in decreasing coronary resistance 
at different levels of oxygen within the myo- 
cardium. 

Nervous and humoral mechanisms originating 
outside the heart have been eliminated in the pres- 
ent studies, since in the whole animal experiments 
only blood entering the left coronary artery was 
made hypoxic and in the fibrillating heart experi- 
ments a completely isolated heart was used. Alella 
(8) and Hackel and Clowes (9), who have ob- 
served marked increases in coronary blood flow 
in generalized hypoxia, found that cardiac dener- 
vation and/or adrenalectomy did not influence the 
response of the coronary vessels to hypoxia. 

In 1925, Hilton and Ejichholtz (2) challenged 
the hypothesis of the release of vasodilator sub- 
stances during hypoxia and periods of increased 
myocardial metabolism and attributed the in- 
creased coronary flow of hypoxemia to a direct 
effect of the lowered arterial oxygen tension on 
the vessel walls. Their conclusions were based 
on the findings that 1) perfusion of the coronary 


4Average value for coronary sinus oxygen in the 
normal dog (6). 
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Fic. 4. RELATIONSHIP oF ARTERIAL BLoop OXYGEN 
CoNnTENT TO CoroNARY BLoop FLow 
See text for discussion. 


arteries with fresh metabolite-free deoxygenated 
arterial blood or the intra-coronary administra- 
tion of cyanide produced immediate increases in 
coronary blood flow, 2) myocardial oxygen con- 
sumption did not decrease with hypoxemia, 3) 
high concentrations of carbon dioxide and lactic 
acid produced only small increases in coronary 
flow, and 4) the progressive coronary vasodilation 
observed in the heart-lung preparation was not 
corrected by replacing the blood in the system 
with fresh blood. They also cited, as evidence 
against the “metabolite theory,’ experiments of 
Nakagawa (10) and Evans (11) in which in- 
creases in heart rate and cardiac output in the 
heart-lung preparation were attended by increases 
in oxygen consumption without concomitant in- 
crements in coronary blood flow. 

The rapidity of the response to fresh deoxy- 
genated blood or to cyanide does not eliminate the 
possibility that vasoactive metabolites are re- 
leased. Due to the large oxygen consumption 
and the high coefficient of utilization of oxygen 
in the normal beating heart, a sudden decrease in 
oxygen supply would produce an equally rapid 
reduction in myocardial oxygen tension. Since 
diffusion rates for substances of small or moder- 
ate molecular weights are high (12), it is quite 
conceivable that vasoactive materials released as a 
result of myocardial hypoxia could quickly reach 
the arterioles in effective concentrations. 

The maintenance of myocardial oxygen con- 
sumption in hypoxemia could be attributed with 
equal justification to vasodilation induced by me- 
tabolites or to vasodilation induced by direct action 
of reduced arterial oxygen content on the vessel 
walls. There is no valid reason to exclude the 
possibility that vasoactive material released by 
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hypoxic myocardium, in the presence of normal 
rates of myocardial oxygen consumption, adjusts 
flow to compensate for the reduction in arterial 
oxygen content. 

The observation of Hilton and Eichholtz (2), 
that concentrations of carbon dioxide and lactic 
acid in excess of those found in venous blood dur- 
ing hypoxia failed to produce vasodilation equal 
to that seen in hypoxia, merely indicates that these 
two substances are not the only chemical mediators 
acting on the coronary vessels. It does not ex- 
clude other metabolites. Nor does the failure of 
fresh blood to reverse the progressive coronary 
dilation in the heart-lung preparation eliminate 
metabolites as playing a role in the vasodilation 
of hypoxemia. 

Concerning the experiments of Nakagawa (10) 
and of Evans (11), it has now been firmly estab- 
lished in intact dogs, using precise methods for 
measuring flow, that coronary blood flow bears 
a direct relationship to myocardial oxygen con- 
sumption (13-15). In fact, this is the one func- 
tion that can be consistently related to coronary 
blood flow, regardless of the means by which the 
rate of myocardial metabolism is increased. 

The close correlation between myocardial oxy- 
gen consumption and coronary blood flow, the 
direct relationship between the duration of cardiac 
ischemia and the degree of reactive hyperemia 
(16), and the observations that reductions in ar- 
terial oxygen content in the absence of myocardial 
hypoxia do not increase coronary blood flow sug- 
gest that myocardial oxygen content and not ar- 
terial oxygen content is the critical factor in the 
regulation of coronary blood flow. Whether a 
decrease in myocardial oxygen content results in 
release of vasodilator substances remains to be 
proven. 


SUMMARY 


In experiments on open-chest dogs and on 
fibrillating heart preparations, reduction of oxygen 
content of arterial blood produced increases in 
coronary blood flow only when coronary sinus 
oxygen levels fell below about 5.5 volumes per 
cent. High perfusion pressures were employed in 
order to increase coronary flow to the extent that 
coronary sinus blood became relatively rich in 
oxygen. Under these conditions it was possible 
to demonstrate that a moderate lowering of ar- 
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terial oxygen content does not decrease coronary 
resistance by a direct action on the vessel walls. 
Coronary vasodilation in hypoxemia appears to be 
related to myocardial hypoxia. 
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Wilson’s disease (hepatolenticular degenera- 
tion) is an hereditary disorder characterized by a 
variety of metabolic defects. There is excessive 
absorption of copper from the intestinal tract (1, 
2) and, as a consequence, an increase in the total 
copper content of the body, particularly in the 
brain, liver (3) and kidneys (4). The serum 
ceruloplasmin, the main copper-carrying protein 
present in the serum, is abnormally low (5, 6). 
The total serum copper concentration also is 
lower than normal (6, 7), although the small 
fraction of copper bound to serum albumin, desig- 
nated by Cartwright and his co-workers as the 
“direct-reacting copper,” is increased (7). There 
is excessive urinary excretion of copper (8). 

The finding of marked aminoaciduria in pa- 


tients with Wilson’s disease by Uzman and Denny- 
Brown in 1948 (9) revealed still another meta- 
bolic abnormality which occurs in many but not 
all cases (10). There may also be increased uri- 
nary urate excretion, accompanied by a moderate 


decrease in the serum urate level (11). Glycos- 
uria, in the absence of a raised blood glucose con- 
centration, is an occasional additional finding 
(12). 

The occurrence of marked aminoaciduria, uri- 
cosuria and glycosuria in some patients with Wil- 
son’s disease suggests the possibility of renal in- 
volvement in this disorder (12). Little informa- 
tion is available concerning the nature and extent 
of the presumed renal defect (13, 14). 

The present investigation was designed to afford 
a more composite analysis of discrete renal func- 
tions in Wilson’s disease by applying simultaneous 
clearance techniques. A preliminary report of 
some of the results has appeared elsewhere (15). 


1 These studies were supported, in part, by a grant-in- 
aid (A-162) from the National Institute of Arthritis and 
Metabolic Diseases, National Institutes of Health. 


CASES AND METHODS 


The nine patients studied were in varying stages of 
the disease (Table 1). The manifestations of the disorder 
in these patients were predominantly neurological. 
None gave evidence of advanced cirrhosis of the liver 
and none had ascites. All of the patients had a de- 
creased serum ceruloplasmin. In eight of the nine pa- 
tients the total serum copper excretion was reduced. 
The urinary copper excretion was excessive in every in- 
stance. The daily urinary output of a-amino nitrogen 
was increased, or an increase could readily be induced 
by a high protein intake. All of the patients had re- 
ceived considerable quantities of BAL medication but this 
was discontinued for at least three days prior to the 
clearance study. 

Eleven renal clearance studies were performed in these 
nine patients, using standard techniques (16). The glo- 
merular filtration rate was measured by inulin clearance; 
renal plasma flow by clearance of para-aminohippurate ; 
tubular excretory mechanisms in six instances by esti- 
mation of Tmpan; tubular reabsorptive mechanisms by 
clearances of amino acids, urate and phosphate, and in 
four patients also by estimation of Tm glucose. As a 
further measure of tubular excretory and reabsorptive 
capacities, the inhibiting effect of probenecid on tubular 
transport of PAH and urate was studied in seven pa- 
tients. The excretion of bicarbonate and titratable acid! 
was determined in four patients. 

All experiments were performed in the morning with: 
the patient in the fasting, post-absorptive state. To en- 
sure adequate urine flow for the duration of the clearance 
experiments, liberal quantities of water were adminis- 
tered orally. Three or four urine collections were made 
by indwelling catheter in every experiment, each collec- 
tion comprising a period of 20 minutes; in the experi- 
ments with probenecid, six 20-minute collections were 
made. When the determination of bicarbonate was to 
be included in the analysis, the customary air insufflation 
and bladder wash were omitted, and paraffin oil was used 
to prevent loss of CO, Urine pH determinations were 
made by means of a Cambridge pH meter as soon as each 
urine sample was procured. 

Two patients (Cases Y.R. and L.A.) were hospitalized 
and maintained on a constant diet of 2,500 calories. Af- 
ter a control period of six days, ammonium chloride in 
syrup of cherry was administered for four successive 
days in doses of 10, 14, 14 and 16 Gm. per day, respec- 
tively. Observations were continued for five days after 
cessation of medication. The urine, preserved with tolu~ 
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TABLE I 


General description of the nine cases of Wilson's 
Disease studied 








Osteomalacia 
or bone 
fragmen- 
tation 


Clinical 


severity* Albuminuriat 





mg./24 hours 
M. F. <10 
Male 


40 


os 


R. V. 
Male 
13 


M.G. 
Male 
33 


ot A 
Male 
27 


P.C. 
Female 
36 


Pola 
Male 
35 


L. A. 
Male 
53 


Y. R.t 
Female 
37 


B. R.t 
Female 
37 





* Clinical severity: + Mildly incapacitated but employ- 
able, ++ Severely incapacitated, +++ Bedridden. 

t Normal range (10 to 20 mg. per 24 hours). 

t Uniovular twins. 


ene, was collected daily throughout the 15-day period of 
study and the pH, titratable acid, and bicarbonate were 
determined. 

Analytical methods. Inulin, para-aminohippurate, urate, 
phosphate, ammonia, titratable acid, and creatinine were 
determined by the standard procedures indicated else- 
where (17). In estimating glucose Tm, samples for inu- 
lin analysis were digested with baker’s yeast before color 
development with diphenylamine, instead of the Roe 
method employed otherwise for determination of inulin. 
Glucose was determined by the Folin and Wu method. 
Plasma a-amino acid nitrogen was estimated by the 
method of Hamilton and Van Slyke (18), urinary 
a-amino acid nitrogen by the method of Van Slyke, Mac- 
Fadyen, and Hamilton (19). Plasma and urinary bi- 
carbonate were determined by Van Slyke’s manometric 
technique. The urinary excretion of albumin was esti- 
mated by an immunological technique (20). 


RESULTS 


Except in one instance (Case R.V.), the glo- 
merular filtration rate, as measured by the inulin 
clearance, was reduced (Table II). The reduc- 
tion was moderate in Cases M.F., P.C., C.P., 
M.G., and F.L. (range, 76.2 to 91.9 ml. per min.), 
more pronounced in Cases L.A., Y.R., and B.R. 
(range, 48.9 to 69.0 ml. per min.). 

As another indication of glomerular involve- 
ment, the urinary excretion of albumin was in- 
creased in Cases C.P., M.G., L.A., and B.R. (270, 
180, 140, and 60 mg. per 24 hours, respectively). 
In the remaining four cases, the urinary excretion 
of albumin was within the normal range (< 10 to 
20 mg. per 24 hours) by the immunologic method 
employed. The blood urea nitrogen was not ele- 
vated in any of the patients. 

Renal plasma flow, as measured by clearance 
of para-aminohippurate, was consistently reduced. 
In six cases, Cpan ranged from 453 to 342 ml. per 
min. In two patients (Cases L.A. and Y.R.), 
Cpan was less than 250 ml. per min. (Table IT). 
The filtration fraction, Cinuun/Cpan, was somewhat 
higher than normal in most instances, with a mean 
of 0.238. The blood pressure was normal in 
every instance. 

Tubular excretory capacity, as measured by 
Tmpan, was invariably reduced in the six patients 
examined (Table II). In four instances (Cases 
M.F., M.G., L.A., and Y.R.), the values obtained 
were below 40 mg. per min.; in Cases P.C. and 
F.L., Tmpan was 59.1 and 43.5 mg. per min., 
respectively. 

Tubular reabsorptive mechanisms, in respect to 
a-amino nitrogen, urate, inorganic phosphate and 
glucose, were found to be impaired (Table II). 

The Ca_naonx/Cinuin ratio in six of the nine cases 
was considerably increased. The highest values 
were found in the three cases of longest duration 
of overt disease (L.A., Y.R., and B.R.), in whom 
Ca-nen/Cinuin was 15.8 per cent, 10.0 per cent 
and 16.8 per cent, respectively. (Normal range, 
1.0 per cent to 3.0 per cent). The plasma a-amino 
nitrogen in these patients did not differ signifi- 
cantly from normal. 

The plasma urate was less than 3.0 mg. per cent 
in six patients (2.0 mg. per cent in Case B.R.), 
and in the remainder varied between 3.0 and 3.9 
mg. per cent—all below the minimum normal level 
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by the analytical method employed. (Normal 
range, 4.0 to 6.0 mg. per cent). Curate was uni- 
formly increased, in four instances exceeding 20 
ml. per min. This increase is even more striking 
when the reduced glomerular filtration rate is 
taken into account; the mean Corate/Cinuin Was 
28.0 per cent, range from 15.4 to 46.7 per cent. 

The plasma inorganic phosphate was in the 
lower range of normal in five of the six cases ex- 
amined (2.4 to 3.3 mg. per cent) and distinctly 
reduced in one instance (Case L.A., 1.5 mg. per 
cent). Phosphate clearance exceeded the normal 
in each of these six cases, ranging from 18.7 to 
37.1 ml. per min., with a mean of 25.8 ml. per 
min. Calculation of the ratio, Cpo,/Cinu1in, empha- 
sized the increase in phosphate clearance, the mean 
value obtained being 34.1 per cent. 

The fasting blood glucose in the four patients in 
whom it was measured (Cases M.G., M.F., F.L., 
and C.P.) was at low normal levels (78, 84, 87 
and 87 mg. per cent, respectively). The glucose 
Tm was measured in these four patients. In two, 
the results obtained were somewhat below the 
lower limit of the normal range (Cases M.F. and 
F.L., 272 and 246 mg. per min., respectively). 
In one instance (Case M.G.), the glucose Tm was 
reduced to 184 mg. per min. In Case C.P. the 
value obtained was strikingly low, 95 mg. per 
min. None of these patients had spontaneous gly- 
cosuria or hypoglycemia. Occasional spontaneous 
glycosuria was present in three cases (L.A., B.R., 
Y.R.). 


10.0 


minute clearance periods. 


(%) 
21.9 


> 


—- 
NANANNNANN 


(mg. %) (ml./min.) 
All values are means of three or four 20- 


mmr HOON 
tN et et OH 


TABLE II 
(ml./min.) 


2 
N 
os 
S 
~ 
° 
d 
~ 
wy 
on 
+ 
“ 
a 
- 
a 3 
= 
: - 
: g 
= “ 
2 
N 
i aml 
S 
S 
S 
‘t 
° 
Lae) 
2 
N 
oa 
S 
i> 3] 
S 
By 
+ 


(mg. %) 


3.0 
n and urate are quoted from References 29 and 33. 


y surface area (1.73 M.?). 


(ml./min.) 
1.0- 


Effect of probenecid on tubular transport mecha- 

nisms (Table III) 

Probenecid is a potent inhibitor of renal tubu- 
lar excretory systems (21), markedly suppressing 
tubular transport of PAH (17, 22) ; this effect is 
less pronounced if the transport mechanisms are 
deficient, the diminished effect thus serving as a 
further indication of the degree of impairment of 
tubular excretory mechanisms. In two patients 
with clinical manifestations of Wilson’s disease of 
relatively short duration (approximately five 
years), probenecid given intravenously in a dosage 
of 26 to 32 mg. per Kg. body weight reduced 
Tmpan significantly, from 59.1 to a minimum of 
22.6 (Case P.C.) ; and from 39.2 to a minimum of 
29.5 mg. per min. (Case M.G.). This response 
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was somewhat less marked, however, than that of 
a normal subject in whom probenecid in oral dos- 
age of 20mg. per Kg. body weight reduced Tmpan 
from 83.4 to 26.4 mg. per min. (17). In two pa- 
tients with symptoms of some 20 years’ duration 
(Cases L.A. and Y.R.: Tmpan 14.5 and 21.5 
mg. per min., respectively), probenecid elicited, at 
most, an equivocal further depression of Tmpan. 
In three patients (Cases M.F., R.V., and F.L.), 
whose clinical symptoms were of relatively short 
duration, and whose initial Cpay was but moder- 
ately reduced (422, 453, 341 ml. per min.), there 
was marked further suppression of Cpan by pro- 
benecid. The response did not seem to differ 
in degree from that of (gouty) subjects with in- 
tact kidney function (17). 

Probenecid markedly suppresses tubular reab- 
sorption of urate and thus increases urate clear- 
ance in the intact kidney. In 10 gouty subjects 
with little or no renal damage, probenecid in oral 
dosage of 20 to 30 mg. per Kg. body weight 
evoked an increase in Curate of approximately 300 
per cent, from a mean of 8.5 ml. per min. to peak 
values averaging 32.9 ml. per min. (range, 10.2 to 
51.3 ml. per min.) (17). In the seven patients 
with Wilson’s disease examined, there was an in- 
crease in Curate of approximately 75 per cent after 
intravenous administration of probenecid in com- 
parable dosage, from a mean of 20 ml. per min. 
to a mean peak of 35.6 ml. per min. This poor 
percentile response is attributable in part to the 
high initial Curate. The results in the two patients 
with symptoms of longest duration (Cases L.A. 
and Y.R.), in whom Curate increased from 18.7 to 
a peak of only 24.1 ml. per min. and from 16.2 to 
23.4 ml. per min., respectively, suggest deficient 
tubular response to probenecid. The findings in 
these two patients were comparable to those ob- 
tained in the Fanconi syndrome, in which there 
was no response to probenecid (17, 23). 


Effect of ammonium chloride acidosis 


It was observed in the course of the foregoing 
renal clearance studies that the urine pH ranged 
from 6.6 to 8.0 (Tables II and IV). This 
prompted measurement of urinary bicarbonate ex- 
cretion which, in the four patients studied (Cases 
M.F., M.G., C.P., and F.L.), was found to vary 
from 0.088 to 0.034 mM per min. at levels of 
plasma bicarbonate ranging from 25.0 to 20.7 mM 
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TABLE IV 


Bicarbonate excretion in four patients with Wilson's Disease 








Urine 
HCOs 


Plasma Urine 
BHCOs pH B 


BHCO; 
filtered 


BHCOs 
reabsorbed 


BHCO; 
reabsorbed 


BHCO; 


Urine 
H+ filtered 





(ml./min.) (mM/L.) 
25.0 
20.7 
22.0 
22.0 


(mM /min.) 


.F. 

L. 
ie. 

.G. 


(mM/100 ml. glomerular filtrate} 
2.50 2.40 
2.07 2.01 
2.20 2.14 
2.20 2.16 


(mM /min.) (mM /min.) (mM/min.) 
0.002 2.26 2.17 
0.013 1.72 1.67 
0.010 1.89 1.83 
0.010 1.74 1.71 





per L. The results (Table IV) suggest that tu- 
bular reabsorption of bicarbonate may not be quite 
as efficient in some patients with Wilson’s dis- 
ease as in the normal subject. 

Ammonium chloride acidosis was produced in 
Patients Y.R. and L.A. In the six-day control 
period, Case Y.R., in whom overt Wilson’s dis- 
ease was of longest duration, excreted 18.8 to 26.4 
mM bicarbonate per day (mean, 21.7 mM per 
day) at a mean plasma bicarbonate level of 23.1 
mM per L. The urine pH varied from 6.9 to 7.2, 
the titratable acid averaged 4.4 mEq. per day. 
With induction of acidosis (plasma bicarbonate 
reduced to a minimum of 14.6 mM per L.), the 
urine pH fell to a low of 4.9, the titratable acid 
increased to a maximum of 38.0 mEq. per day, bi- 
carbonate disappeared from the urine. 

A similar response was noted in Case L.A. In 
the six-day control period, the excretion of bi- 
carbonate varied from 11.1 to 16.5 mM per day 
(mean, 14.1 mM per day) at a mean plasma bi- 
carbonate level of 27.6 mM per L. The range of 
urine pH was 6.2 to 7.0, the titratable acid aver- 
aged 11.7 mEq. per day. Administration of am- 
monium chloride reduced the plasma bicarbonate 
level to a minimum of 19.1 mM per L. and the 
urine pH to a low of 5.1. The titratable acid in- 
creased to a maximum of 41.9 mEq. per day, uri- 
nary bicarbonate excretion became negligible. 

The urinary excretion of ammonia in Cases 
Y.R. and L.A. was within normal limits (means, 
25.2 and 22.7 mEq. per day, respectively) in the 
control period. 

DISCUSSION 


The results of these renal clearance studies con- 
firm and amplify previous reports indicating im- 
pairment of tubular transport systems and renal 
hemodynamics in patients with Wilson’s disease, 


at least in its more advanced stages. Some hither- 
to unrecorded abnormalities are described. 

Hodges and co-workers (13, 14) noted marked 
and consistent reduction in Cpag and equivocal 
decline in Cinuun in their study of four cases of 
Wilson’s disease. The present investigation cor- 
roborates the substantial reduction in renal plasma 
flow and discloses distinctly decreased glomerular 
filtration rate in most instances. The degree of 
impairment seemed roughly to parallel the severity 
or duration of overt disease in this series of pa- 
tients, suggesting progressive deterioration of the 
renal vascular bed. 

The tubular secretory capacity, as measured by 
Tmpan, was found to be reduced, strikingly so in 
the more advanced cases. Associated with this 
decline was a diminishing effect of probenecid in 
eliciting a further reduction in Tmpan. 

Impairment of renal tubular reabsorptive ac- 
tivities in Wilson’s disease has been suspected for 
some time. The excessive aminoaciduria, for ex- 
ample, has been attributed to inadequate tubular 
reabsorption (12,24). This interpretation is sup- 
ported by the high values obtained for Canue-n, 
and particularly for Canaon/Cinuin, in the face of 
normal plama levels of a-amino nitrogen. Simi- 
larly, diminished tubular reabsorption of filtered 
urate, suggested by Bishop, Zimdahl, and Talbott 
(11) and Mahoney, Sandberg, Gubler, Cart- 
wright, and Wintrobe (25), to explain the uri- 
cosuria and low plasma urate levels noted by them 
in patients with Wilson’s disease, is indicated by 
the augmented urate clearance ratios consistently 
observed in the present study. The capacity of 
probenecid further to increase Cyrate/Cinuin de- 
creased as the tubular transport systems for urate 
deteriorated with progress of the disease, until the 
drug finally was quite ineffective, as in the Fan- 
coni syndrome. 
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In all six of the patients so studied, an increase 
in Cpo, was observed, and in five of these the se- 
rum inorganic phosphate was in the low normal 
range or reduced. Cooper, Eckhardt, Faloon, and 
Davidson (12) described a patient with Wilson’s 
disease who was reputed to have had hypophos- 
phatemia prior to their study. Warnock (26) 
reported a patient with Wilson’s disease with spon- 
taneous fractures, demineralization of bone, and a 
plasma inorganic phosphate level of 2.5 mg. per 
cent. The low serum phosphate and increased 
renal clearance of phosphate may be responsible, 
in part, for the occasional occurrence of osteo- 
malacia in this disease (12, 26, 27). 

The observation that glycosuria may be present 
in some patients with Wilson’s disease has been 
somewhat amplified in the present study, in which 
the tubular reabsorptive capacity for glucose was 
measured. It is noteworthy that, although spon- 
taneous glycosuria was not usually present, the 
maximum tubular capacity to reabsorb glucose 
was reduced in varying degree in all four cases 
studied. These findings emphasize the fact that 
failure to find increased urinary excretion of glu- 
cose in Wilson’s disease does not preclude a very 
considerable defect in the capacity of the renal 
tubules to transport glucose across the tubular 
epithelium. 

The tendency to excrete urine of high pH, due 
to renal excretion of small quantities of bicarbo- 
nate at plasma bicarbonate levels which should 
not be associated with urinary loss (28), sug- 
gests that there may be slight impairment of tu- 
bular reabsorption of bicarbonate in advanced 
stages of Wilson’s disease. When ammonium 
chloride acidosis was induced, there was a prompt 
decline in urine pH, increase in titratable acidity, 
and disappearance of urinary bicarbonate. 

The precise mechanisms involved in the impair- 
ment of tubular functions observed in Wilson’s 
disease must remain speculative so long as the 
normal mechanisms of renal tubular transport 
are poorly understood (29). The hypothesis that 
the renal lesion is a primary effect of the abnormal 
gene on the functional integrity of the renal tubule 
receives little support from this study. That the 
abnormal gene may result in an anatomical de- 
fect of the renal tubule, not necessarily related to 
the described functional abnormalities, is sug- 
gested by the preliminary observations of Soothill 
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and Kark (30). They have observed a deformity 
in the proximal convolution of the tubule in renal 
biopsy specimens obtained from patients with 
Wilson’s disease. It was not apparent to them 
whether this abnormality was primary, as in the 
Fanconi syndrome, or whether this was due to a 
local change resulting from Wilson’s disease. Dar- 
mady (31), however, was unable to discern any 
anatomical defect in the proximal renal tubules in 
the kidneys of patients who had died of Wilson’s 
disease. But although the details of the pathogene- 
sis of the disease and its varied manifestations re- 
main largely unknown, a plausible hypothesis to 
explain the renal lesions can be tentatively sug- 
gested as a result of this study. The deficiency of 
serum ceruloplasmin in Wilson’s disease is as- 
sociated with an increase in the copper loosely 
bound to serum albumin. This loosely bound 
copper can be deposited in any tissue where there 
are substances which can compete successfully 
with albumin for the copper ion. With increased 
deposition of copper in the kidney, the metal may 
interfere with essential enzyme systems responsi- 
ble for the transport of materials across the tubu- 
lar epithelium, such as is presumed to occur in 
chronic poisoning with other divalent metals (32). 
Initially, the brunt of the damage falls predomi- 
nantly on the proximal renal tubule, resulting in 
defective transport of PAH, phosphate, urate, 
amino acids, and glucose, in these respects re- 
sembling somewhat the defects occurring in Fan- 
coni syndrome. This emphasizes the desirability 
of excluding Wilson’s disease in patients with de- 
fective renal tubular functions. 

With progression of the renal lesion, other 
functions of the kidney are disturbed and the 
functional abnormality is no longer restricted to 
any anatomical segment of the renal tubule. A 
decreased glomerular filtration rate, and a tend- 
ency to excrete an alkaline urine, indicate more 
widespread renal damage. 


SUMMARY 


1. Eleven renal clearance studies were carried 
out in nine patients with Wilson’s disease in vari- 
ous stages of the disorder. 

2. The inulin clearance was below the lower 
limits of normal in eight patients. Cpan was 
decreased in every instance. 
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3. Tubular secretory capacity, as measured by 
Tmpan, was reduced in the six patients examined. 
When Tmpag was very low, probenecid elicited 
little further decrease. 

4. Tubular reabsorption of a-amino nitrogen, 
urate, phosphate, and glucose was defective, as 
indicated by the generally increased clearance ra- 
tios. Serum inorganic phosphate levels were in 
the lower range of normal or reduced, and may ac- 
count for the osteomalacia occasionally encoun- 
tered in Wilson’s disease. The blood glucose was 
in the low normal range. The Tm glucose tended 
to be low in the four patients so studied, prob- 
ably explaining the occasional glycosuria in this 
disorder. Serum urate levels were consistently 
low. Probenecid elicited a uricosuric response in 
most instances but this was least pronounced in 
those subjects who initially had the most impaired 
tubular reabsorption of urate. 

5. The urine pH tended to be more alkaline 
than normal, owing to slight urinary excretion of 
bicarbonate at plasma bicarbonate levels not ordi- 
narily associated with renal loss of bicarbonate. 
The response of two subjects to ammonium chlo- 
ride-induced acidosis was essentially normal in re- 
spect to mechanisms for acidification of the urine. 

6. The results indicate progressive deterioration 
of certain discrete tubular functions, and also of 
glomerular filtration and renal plasma flow, with 
advance of the disease. It is suggested that these 
renal changes may reasonably be ascribed to the 
deleterious effects of the accumulation of copper 
in the kidneys; such effects are known to accom- 
pany the deposition of other heavy metals in this 
organ. In this view the renal abnormalities de- 
scribed are secondary to a disturbance in copper 
metabolism rather than a direct consequence of the 
abnormal gene on renal function. 
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The release of physiologically active substances 
in animal tissues during anaphylaxis has been a 
subject of considerable interest for many years. 
Most of this interest has centered on the release 
of histamine from a bound to a free form, the latter 
being capable of producing marked physiological 
changes (1). However, despite the toxicity which 
can be attributed to histamine, attempts to explain 
all the alterations seen in anaphylaxis on the basis 
of histamine release alone have been unsatisfactory 
(2). 

Many of the effects produced by serotonin (5- 
hydroxytryptamine) in animals (3) resemble the 
manifestations of hypersensitivity reactions. In 
addition, patients with malignant carcinoid, a syn- 
drome (4) in which there is present an excessive 
amount of serotonin, frequently show symptoms 
resembling those of an allergic process. These 
findings have suggested that this amine may play 
a role in anaphylaxis and other allergic phe- 
nomena. 

Serotonin is found in the blood platelets of ani- 
mals and man (5). Anaphylaxis is known to 
produce profound changes in these blood cells (6). 
Recently, Humphrey and Jaques (7) showed that 
both serotonin and histamine were released from 
platelets upon addition of purified antigen and 
antibody to normal rabbit platelets suspended in 
plasma. Also, Herxheimer (8) reported that in 
guinea pigs an interrelationship exists between de- 
sensitization and tolerance to serotonin. 

The present study was designed to determine 
whether serotonin is released during anaphylaxis. 
The experiments outlined below for serotonin are 
similar to those that were previcusly used to dem- 
onstrate the changes in blood histamine which oc- 
cur during anaphylactic shock (9-12). Simul- 
taneous determinations for both serotonin and 
histamine were carried out for comparative pur- 
poses. In this work, it has been shown that both 
amines appear in a free form in the plasma when 


a specific antigen is injected into sensitized 
rabbits. 


MATERIALS AND METHODS 


The rabbit was chosen for these experiments for sev- 
eral reasons: (a) the large amounts of both serotonin and 
histamine carried in the blood platelets, (b) the ease of 
obtaining serial blood samples, and (c) the ability of the 
rabbit to produce adequate amounts of antibody. 

Male rabbits (1.5 Kg.) were sensitized to either egg 
albumin or horse serum. Those sensitized to egg albu- 
min were given 10 ml. of a 10 per cent solution in saline 
intraperitoneally every other day for four injections. 
Those sensitized to horse serum were given 1 ml. of the 
undiluted serum intraperitoneally every day for six days. 
After three to five weeks, the rabbits were used as indi- 
cated. At this time, complement fixation antibody titers 
were high. 

Siliconized glassware was employed wherever whole 
blood had to be handled. Blood for the in vitro studies 
was obtained by intracardiac puncture. Blood samples 
for the in vivo studies were obtained by means of a 
plastic tube inserted into the carotid artery. 

Both serotonin and histamine were determined in all 
samples of plasma and whole blood. For plasma, 2 ml. 
were treated according to the method of McIntire, Roth, 
and Shaw (13) for the isolation of histamine. The 
method utilizes cotton acid succinate as a cation ex- 
change medium after extraction of amines into n-butanol. 
It was found that histamine is removed from the bu- 
tanol solution by the cotton acid succinate whereas ser- 
otonin is not. This procedure gives a convenient method 
for separating serotonin and histamine. Serotonin was 
then determined spectrophotofluorometrically (14), and 
histamine by modification of the methods of Lowry, 
Graham, Harris, Priebat, Marks, and Bregman (15) and 
McIntire, White, and Sproull (16). For assay of these 
amines in whole blood, 1 ml. was diluted with 7 ml. of 
water. After hemolysis, 1 ml. of 10 per cent zinc sulfate 
solution, and 0.5 ml. of 1 N sodium hydroxide were added 
to deproteinize the blood. After centrifugation, 1 ml. of 
the supernatant was taken for spectrophotofluorometric 
assay of serotonin; the remainder of the supernatant was 
assayed for histamine as described for plasma. The pro- 
cedures employed in this study were convenient because 
both serotonin and histamine could be determined on the 
same deproteinized blood sampie. The details of these 
methods will be published in a separate communication. 
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RESULTS 
In vitro studies 


Table I shows that upon addition of a specific 
antigen to the whole blood of sensitized rabbits, 
serotonin, as well as histamine, were liberated into 
the plasma. The values for serotonin and hista- 
mine in the experimental plasma samples were five 
to eight times greater than the values for the con- 
trol plasmas, handled in the same manner. 


Release into plasma in vivo 

Results obtained with horse serum and egg 
albumin in intact rabbits are shown in Figures 1 
and 2. In every case, serotonin and histamine 
were found in the plasma following the injection 
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of the specific antigen. Both amines appeared al- 
most immediately, the maximum values being 
reached within one or two minutes. The serotonin 
levels were consistently lower and persisted for a 
shorter period of time than the histamine levels. 

In an attempt to estimate the possible quantita- 
tive significance of the increased amounts of these 
plasma amines appearing during anaphylaxis, sol- 
utions containing both serotonin and histamine 
were injected rapidly into the marginal ear vein of 
normal rabbits, and the plasma levels of serotonin 
and histamine determined. The results in Figure 
3 show that under these conditions, too, serotonin 
and histamine disappear rapidly from plasma. In 
order to produce levels as high as those found dur- 


TABLE I 


Release of serotonin and histamine in rabbit blood in vitro * 








Serotonin (y/ml.) 


Histamine (7/ml.) 








1:100 Horse 


Rabbits serum 


1:100 Horse 


Isotonic Isotonic 
saline serum saline 





Sensitized 
to horse 
serum 


4 
0 
7 
9 
A 
A 





Average 





Normalt 
controls 





Average 


0.3 0.3 0.8 0.6 





1:100,000f 
Egg albumin 


1:100,000f 


Isotonic 
Egg albumin i 


Isotonic 
saline saline 





Sensitized 


to egg 
albumin 


0 0.9 
9 0.5 
3.1 0.4 
0 0.5 





Average 





Normalt 1 
controls 2 
3 





Average 


0.4 0.6 0.5 0.5 





* Whole blood was incubated at 37°C. for 30 minutes with 50 per cent by volume of saline solution (1:100 horse 


serum or 1:100,000 egg albumin) of the antigen. 
diluted plasma was analyzed for serotonin and histamine. 


The tubes were swirled every five minutes. 
The values were calculated on the basis of the original plasma. 


After centrifugation, the 


t Some of the control levels for serotonin and histamine in these experiments are higher than usually found. This 
is presumed to be due to the excessive handling of the blood in setting up and carrying out the incubations with subse- 
quent breakage of some of the platelets to release these amines into the plasma. 

t This dilution of egg albumin was used because more concentrated solutions caused release of serotonin and hista- 


mine in normal blood. 
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IN VIVO) RELEASE AFTER HORSE SERUM 
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sensitive 


Serotonin 
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Serotonin 
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y/mi. 


i 





° ! 
MINUTES 
Fic. 1. IN VIVO Revease Artrer Horse SERUM 


Undiluted horse serum (1 ml. per Kg.) was injected 
intravenously into both sensitized and normal control 
rabbits, anesthetized with Nembutal® and ether. Plasma 
serotonin and histamine values were determined at the 
times indicated. The values are the averages of four 
sensitized animals and six normal controls. 


ing anaphylaxis, it was necessary to inject at 
least 50 y per Kg. of histamine and 150 y per Kg. 
of serotonin. When 50y per Kg. of serotonin were 
injected, no increase in plasma serotonin could be 
detected. 

The rabbit, during anaphylaxis, may not show 
many objective signs of toxicity despite the fact 
that chemical changes do occur. However, the 
most prominent toxic manifestation produced both 
by anaphylaxis and by injection of serotonin and 
histamine was respiratory in nature as shown by 
rapid, labored breathing. The effects following 
anaphylaxis were prolonged, whereas those fol- 
lowing injection of the amines were transient. 


Effect of anaphylaxis on serotonin and histamine 
in whole blood 


Although the plasma levels of both amines were 
found to be increased as a result of anaphylactic 
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Fic. 2. IN VIVO Revease Arrer Ecc ALBUMIN 

Ten per cent egg albumin solution in saline (2 ml. per 
Kg.) was injected into both sensitized and normal con- 
trol rabbits anesthetized with Nembutal® and ether. 
Plasma serotonin and histamine values were determined 
at the times indicated. The values are the averages of 
three sensitized animals and three normal controls. 


‘ne 








y/mi. PLASMA 





shock, the total amounts of circulating serotonin 
and histamine were markedly diminished. This 
drop in total circulating amines resulted from a 
disappearance of blood platelets from the circula- 
tion. The experiments, shown in Figure 4 and 
Table II, indicate that following the injection of 
the antigen’ into sensitized animals, the whole 
blood histamine and serotonin levels fell rapidly, as 
did the number of circulating platelets and leuco- 
cytes. Minimum values were reached in four 
minutes. The reduction in platelets persisted for 
one to two hours. At the end of this time the 
platelet counts had returned to values equal to 
those of the control blood samples, but the diminu- 
tion of the amines persisted for at least four hours, 


1 For these experiments horse serum diluted 1: 100 or 
1: 1,000 with saline was used since the animals often 
died too soon following injection of the undiluted horse 
serum. The diluted antigen, although very active in 
lowering the platelet count, increased plasma amine levels 
only slightly. 
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Fic. 3. PLasMA SEROTONIN AND HISTAMINE FOLLOWING 
INJECTION OF THE AMINES 


Histamine 50 y per Kg. and serotonin 150 y per Kg. 
were injected into a marginal ear vein of a normal rab- 
bit. Plasma was taken, after centrifugation, from blood 
obtained by means of a plastic catheter inserted into a 
carotid artery. 


suggesting that there had been a release of ser- 
otonin and histamine from the platelets. 


DISCUSSION 


The finding that serotonin is released from plate- 
lets when antigen is added to blood from sensitized 
animals is in agreement with the results of 
Humphrey and Jaques (7), although the two ex- 
periments were not carried out in the same man- 
ner. The demonstration that histamine is released 
during antigen-antibody interaction is in agree- 
ment with the findings of many previous investi- 
gators (9, 10, 17). 

The in vivo results show that both serotonin 
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and histamine are released into plasma following 
the intravenous injection of a specific antigen into 
sensitized rabbits. Although the increase in 
plasma serotonin is transient, the fact that it does 
appear in a physiologically active form implicates 
serotonin along with histamine in the manifesta- 
tions of anaphylaxis. 

The problem of the exact site or sites in the 
body from which serotonin is liberated during 
anaphylaxis has not been solved. The in vitro 
results suggest that much of it is released from 
platelets. However, serotonin is found in many 
tissues including brain and intestinal tract, and it 
is important to determine whether these tissues 
also release serotonin during anaphylaxis. Of 
particular interest in this respect is the recent find- 
ing of serotonin in lung (18). A release of ser- 
otonin within this organ could be a factor in the 
pulmonary aspects of anaphylaxis. 

The marked and prolonged diminution in cir- 
culating platelets during anaphylaxis may be an 
important phenomenon. First, it produces a cor- 
responding drop in total circulating serotonin and 
histamine in the rabbit, although as has been 
pointed out above, the amounts of these free 
amines in the plasma are increased. Secondly, 
platelets are thought to play an important role 
in inactivating free serotonin and other amines 
(19) found in blood. Consequently, the paucity 
of circulating platelets, at a time when large 
amounts of amines are being released into the 
blood, may be an important factor in anaphylaxis. 


TABLE II 


Whole blood serotonin, histamine, platelets, and 
leucocytes during anaphylaxis * 








Serotonin Histamine 
(y/ml. of — (y/ml. of 
whole whole 

blood) blood) 


Leucocytes 
(No./cu. mm.) 


Platelets 


Time (No./cu. mm.) 





5,000 
700 
3,200 
7,800 
10,200 
13,500 
15,000 


Control m= 
4'min. 6 
30 min. : 9 
1 hour . 9 
2 hours 3. 2 
3,hours i 
4 hours P| 





* Whole blood serotonin and histamine levels, and plate- 
let and leucocyte counts were determined at specific times 
following the injection of diluted horse serum (1:100 in 
saline; 1 ml. per Kg.) into sensitized rabbits. The values 
given represent the average of two experiments. 
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It is evident that serotonin release occurs dur- 
ing anaphylaxis in the rabbit. These studies are 
being extended to other animal species to deter- 
mine whether serotonin liberation is generally in- 
volved in anaphylaxis. Recently, Fink (20) dem- 
onstrated the possible importance of serotonin in 
anaphylaxis in the mouse by the in vitro Schultz- 
Dale technique. Pallotta and Ward (21) have 
reported that lysergic acid diethylamide, a ser- 
otonin antagonist, will protect sensitized guinea 
pigs from anaphylactic shock. In addition, Rowley 
and Benditt (22), and West (23) have found 
that serotonin release is important in the anaphyl- 
actoid edema of rats produced by foreign protein. 
These findings suggest that serotonin release may 
be a factor in anaphylaxis in several animal 
species. 

In addition to the findings concerning serotonin, 
this study may help to clarify the role of histamine 
in rabbit anaphylaxis. Previous investigators 
have shown that whole blood histamine values in- 
crease during anaphylaxis in the dog and guinea 
pig (24), while in the rabbit, whole blood hista- 
mine levels decrease (11). Because of this dif- 


ference, it has even been suggested that histamine 
release might not be an important factor in ana- 


phylaxis in the rabbit. It was only recently that 
Schachter (12) found that histamine was released 
into plasma during anaphylaxis in the rabbit. The 
present findings confirm not only the drop in the 
whole blood histamine, but also its release into 
plasma. An unusual feature about rabbits is that 
their platelets contain a much greater amount of 
histamine than do those of the dog or guinea pig. 
Consequently, a marked decrease in the number of 
platelets in rabbits causes a correspondingly 
marked decrease in the whole blood histamine 
level. This drop in whole blood histamine is so 
great that it obscures the transient rise in plasma 
histamine. In the other laboratory animals the 
amount of histamine present in their platelets is 
smaller than the amount released into plasma dur- 
ing anaphylaxis. 
SUMMARY 

1. Both serotonin and histamine were released 
into the plasma when a specific antigen was added 
to the whole blood from a sensitized rabbit. 

2. Following injection of antigen into sensitized 
rabbits free serotonin and histamine appeared in 
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Diluted horse serum (1:100 or 1:1,000 in saline; 1 
ml. per Kg.) was injected into sensitized and normal con- 
trol anesthetized rabbits. Whole blood serotonin and 
histamine levels were determined at the times indicated. 
The points represent the average values obtained on 
seven sensitized and five control animals. 


the plasma. Maximum levels of serotonin and 
histamine were reached in one minute and de- 
clined to control values within two to three min- 
Histamine rose to higher levels than ser- 
otonin and declined more slowly. 

3. Anaphylaxis was also accompanied by a 
marked fall in the levels of serotonin and histamine 
in whole blood due to a decrease in the number 
of circulating platelets. The diminished values 
were maintained for over two hours. 


utes. 


ACKNOWLEDGMENT 


The authors wish to acknowledge the kind assistance 
of Dr. George Brecher, Clinical Pathology Department, 
Clinical Center, National Institutes of Health, in obtain- 
ing the platelet and leucocyte data. 





T. P. WAALKES, H. WEISSBACH, J. 


REFERENCES 


. Rocha e Silva, M., Histamine Its Role in Anaphylaxis 
and Allergy. Springfield, Charles C Thomas, 1955, 
pp. 8-31. 

. Ratner, B., Allergy, Anaphylaxis and Immunotherapy. 
Baltimore, Williams & Wilkins, 1943, p. 741. 

. Udenfriend, S., Shore, P. A., Bogdanski, D. F., Weiss- 
bach, H., and Brodie, B., Biochemical, physiologi- 
cal and pharmalogical aspects of serotonin. Rec. 
Prog. Hormone Research, In press. 

. Sjoerdsma, A., Weissbach, H., and Udenfriend, S., 
A clinical, physiological and biochemical study of 
patients with malignant carcinoid (argentaffinoma). 
Am. J. Med., 1956, 20, 520. 

. Humphrey, J. H., and Jaques, R., The histamine and 
serotonin content of the platelets and polymorpho- 
nuclear leucocytes of various species. J. Physiol., 
1954, 124, 305. 

. Kopeloff, N., and Kopeloff, L. M., Blood platelets 
in anaphylaxis. J. Immunol., 1941, 40, 471. 

. Humphrey, J. H., and Jaques, R., The release of 
histamine and 5-hydroxytryptamine (serotonin) 
from platelets by antigen-antibody reaction (in 
vitro). J. Physiol., 1955, 128, 9. 

. Herxheimer, H., The 5-hydroxytryptamine shock in 
the guinea-pig. J. Physiol., 1955, 128, 435. 

. Katz, G., Histamine release from blood cells in ana- 
phylaxis in vitro. Science, 1940, 91, 221. 

. Rose, B., and Browne, J. S. L., Studies on the re- 
lease of histamine from the blood cells of the rab- 
bit by the addition of horse serum or egg albumin 
in vitro. J. Immunol., 1941, 41, 403. 

. Rose, B., and Weil, P., Blood histamine in the rabbit 
during anaphylactic shock. Proc. Soc. Exper. 
Biol. & Med., 1939, 42, 494. 

. Schachter, M., Anaphylaxis and histamine release in 
the rabbit. Brit. J. Pharmacol., 1953, 8, 412. 

. McIntire, F. C., Roth, L. W., and Shaw, J. L., The 


BOZICEVICH, AND S. UDENFRIEND 


purification of histamine for bioassay. J. Biol. 
Chem., 1947, 170, 537. 


. Udenfriend, S., Bogdanski, D. F., and Weissbach, H., 


Fluorescence characteristics of 5-hydroxytrypta- 
mine (serotonin). Science, 1955, 122, 972. 


. Lowry, O. H., Graham, H. T., Harris, F. B., Priebat, 


M. K., Marks, A. R., and Bregman, R. U., The 
chemical measurement of histamine in blood plasma 
and cells. J. Pharmacol. & Exper. Therap., 1954, 
112, 116. 


. McIntire, F. C., White, F. B., and Sproull, M., The 


determination of histamine with 2,4-dinitrofluoro- 
benzene. Arch. Biochem., 1950, 29, 376. 


. Dragstedt, C. A., Ramirez, M. de A., Lawton, A. H., 


and Youmans, G. P., Passive sensitization of rab- 
bit’s blood. J. Immunol., 1940, 39, 537. 


. Weissbach, H., Waalkes, T. P., and Udenfriend, S., 


Presence of serotonin in lung and its implications 
in the anaphylactic reaction. Science, 1957, 125, 
235. 


. Weissbach, H., Further studies on 5-hydroxyindole 


metabolism. Ph.D. Thesis, Dept. of Biochem., 
1957, The George Washington Univ. 


. Fink, M. A., Anaphylaxis in the mouse: possible re- 


lation of the Schultz-Dale reaction to serotonin 
release. Proc. Soc. Exper. Biol. & Med., 1956, 
92, 673. 


. Pallotta, A. J., and Ward, J. W., Protection of ana- 


phylaxis by LSD-25. J. Pharmacol. & Exper. 
Therap., In press. 


. Rowley, D. A., and Benditt, E. P., 5-Hydroxytrypta- 


mine and histamine as mediators of the vascular 
injury produced by agents which damage mast 
cells in rats. J. Exper. Med., 1956, 103, 399. 


. West, G. B., Wellcome Symposium on 5-Hydroxy- 


tryptamine, 1957, In press. 


. Code, C. F., The histamine content of the blood of 


guinea pigs and dogs during anaphylactic shock. 
Am. J. Physiol., 1939, 127, 78. 








THE IMMEDIATE EFFECTS OF RESPIRATORY DEPRESSION ON 
ACID-BASE BALANCE IN ANESTHETIZED MAN * 


By DUNCAN A. HOLADAY, DOROTHY MaA, anv E. M. PAPPER 


(From the Department of Anesthesiology, Columbia University College of Physicians and 
Surgeons, and The Presbyterian Hospital, New York, N. Y.) 


(Submitted for publication September 6, 1956; accepted March 21, 1957) 


The earliest report of the immediate effects of 
elevated carbon dioxide tension on acid-base bal- 
ance during anesthesia was published by Hender- 
son and Haggard in 1918 (1). They observed 
that an increase in CO, tension of the pulmonary 
air resulted in an increase in the CO, capacity of 
the blood of narcotized dogs. They postulated 
that this change was due to the passage of alkali 
from tissues into blood and resulted in the main- 
tenance of the hydrogen ion concentration of the 
blood at a normal or nearly normal level. In 
1932, Shaw and Messer (2) reported similar ex- 
periments with contrary results. They observed 
that dogs breathing high concentrations of carbon 
dioxide invariably developed a significant reduc- 
tion of CO, capacity of the blood. When these 
experiments were repeated in cats, the alteration 
was even more striking. They suggested that the 
elevated blood bicarbonate, resulting from CO, 
retention, migrated into tissues as a result of physi- 
cal forces which were regulated by the ionic con- 
centration gradient. 

Recently, Giebisch, Berger, and Pitts (3) and 
Elkinton, Singer, Barker, and Clark (4) have ob- 
served responses to CO, breathing in anesthetized 
dogs and unanesthetized man, respectively, which 
confirm the observations of Henderson and Hag- 
gard. On the other hand, Himwich, Gildea, Raki- 
eten, and DuBois (5) consistently observed a re- 
duction of CO, capacity in unanesthetized humans 
breathing 5 per cent CO, for 30 minutes. The 
same authors obtained this response in four of six 
experiments on dogs during CO, inhalation of 30 
minutes or less, but obtained the opposite response 
in animals breathing CO, for periods longer than 
55 minutes. Observations made on man during 


1 This work was supported by a grant from the Na- 
tional Tuberculosis Association, made possible by a 
special bequest from the estate of Grace Velie Harris. 
Preliminary report: Bull. New York Acad. Med., 1952, 
28, 543. 


studies of the acidosis associated with general 
anesthesia will form the basis of this report. The 
immediate response of anesthetized man to acute 
respiratory acidosis is similar to that observed by 
Shaw and Messer (2). 


METHODS 


Arterial blood pH determinations were obtained at 
frequent intervals by means of a special glass electrode 
pH meter (6) which permits transfer of blood from an 
indwelling arterial cannula directly into a glass electrode 
for immediate measurement. Samples of arterial blood 
were obtained periodically under anaerobic conditions for 
determination of oxygen (O2,) and carbon dioxide con- 
tent (CO2,) of whole blood, and the CO, content (COz2,) 
of plasma by the manometric method of Goldstein, Gibbon, 
Allbritten, and Stayman (7). This method has been 
proven valid for the analysis of blood samples which con- 
tain the commonly used volatile anesthetic agents (8). 
The hematocrit (Ht) was determined by centrifugation 
in Sanford-Magath tubes or by a calculation based on 
the difference between the content of carbon dioxide in 
the whole blood and the plasma, using the nomogram 
of Van Slyke and Sendroy (9). Oxygen saturation 
(Sat.) was calculated from the oxygen content of whole 
blood and an oxygen capacity based on the hematocrit 
according to the relationship given by the nomogram 
of Van Slyke and Sendroy. CO, tension (Poo) was 
calculated from arterial plasma pH and CO, content 
using the Henderson-Hasselbach equation and the con- 
stants: pK’ = 6.10, aco, = 0.0301. The amount of cation 
in excess of the non-buffer anion of whole blood, the 
buffer base (BB), was read from the nomogram of 
Singer and Hastings (10). 

In most instances, the analytical procedures were com- 
pleted within two hours of the drawing of the blood sam- 
ples. All analyses were performed in duplicate. The re- 
producibility (one standard deviation) of the analytical 
methods as determined in collateral studies (6, 8) were 
as follows: pH + 0.01; CO, + 0.12 mM per L.; CO2, 
+ 0.09 mM per L.; Oa, + 0.18 vol. per cent Ht +4 per 
cent. 

A test of the reliability of the methods was conducted 
on arterial blood of five healthy, unanesthetized, adult 
volunteers (Table I). For comparison, Poo, was de- 
termined directly by a semi-micro method (11). The 
mean Poo, calculated from pH and CO2, was 2.2 mm. 
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TABLE I 
Direct and indirect measurements of Pco, of arterial blood of healthy, unanesthetized adult subjects * 








1 
2 


COs 
mM/L. pH 


Subj. 


4 
Poo: 5 6 7 
indirect BB BB 
mEq./L. mEq./L. 


pH 
mm. Hg indirect 





7.39 
7.37 
7.37 
7.36 
7.37 
7.37 


26.65 
26.70 
26.94 
26.04 
26,04 
26.58 


D. H. 
C. W. 
F.H. 
A. B. 
A. B. 


M. B. 39.8 


48.1 48.1 
47.8 
48.8 
47.0 
47.7 
46.8 


7.39 


7.39 
7.40 
7.39 
7.41 


41.7 
43.1 
44.1 
43.6 
42.7 
43.5 


49.4 
48.2 
48.0 
48.0 





Means 26.49 7.371 40.9 





43.1 7.396 47.7 48.3 





* The first three columns present measured values; the last four columns contain derived values. 


The values in 


columns 4 and 6 were derived from data in columns 1 and 2; the values in columns 5 and 7 were derived from data in 
columns 1 and 3. The buffer used as a standard for pH measurements was represented by the manufacturer to have 


a pH of 6.96 + 0.02 at 37°C. Two independent studies were performed on subject A. B. at different times. 


The value 


for direct Pco, in the second row was assumed to reflect an error in method and is not included in the average. 


Hg higher than the mean direct Poo... The mean BB, 
based on pH and CO2,, was 47.7 mEq. per L., as com- 
pared with a mean of 48.3 mEq. per L. based on direct 
Poco, and COs2,. All values were within the normal range, 
although the values based on pH and COs, tended to be 
slightly more acidotic than those based on direct Peo, 
and COz,. 

The estimations of Poco, are probably reliable to within 
5 per cent of the observed Poo. The random error in 
the estination of buffer base approximates 1.0 mEq. per 
L. Oxygen saturation may have been underestimated 
during this study by as much as 10 per cent since the 
hematocrit is an unreliable index of oxygen capacity. 
Errors of this magnitude in estimation of oxygen satura- 
tion have an insignificant effect on the calculation of buf- 
fer base (10), and hence satisfied the requirements of 
this study. No other significance should be ascribed to 
the values for oxygen saturation reported herein. 

In the following discussion the term “respiratory aci- 
dosis” will refer to any elevation of Poco, above 45 mm. 
Hg; “metabolic acidosis” will denote any measurable 
reduction of the buffer base. 


RESULTS 


Serial estimations of acid-base balance were ob- 
tained on 25 patients before and during anes- 
thesia produced by nitrous oxide, cyclopropane, 
ethylene, thiopental and regional block anesthesia, 
alone and in various combinations, and for from 
one to four hours following the termination of an- 
esthesia (Table II). An average of 7 complete 
manometric analyses was made during each study ; 
the range was 3 to 15. An average of 4 mano- 
metric analyses was obtained during anesthesia ; 
the range was 2 to 8. An average of 43 measure- 
ments of arterial blood pH was made during each 
study. 


The average duration of anesthesia was 191 
minutes. The surgical operations were repre- 
sentative of a variety of major and minor proce- 
dures, including 5 intrapleural procedures (Table 
Il). Anesthesia was prolonged because of the 
current study in a number of minor operations, 
such as uterine curettage. 

Elevations of CO, tension exceeding 10 mm. 
Hg were observed in 18 subjects, of which 15 ex- 
hibited reductions of buffer base exceeding 3 
millequivalents per liter of blood. Table III sum- 
marizes the measurements obtained on a repre- 
sentative subject from this group. R. S. had an 
essentially normal CO, tension before induction 
of anesthesia, but exhibited a mild degree of meta- 
bolic acidosis as evidenced by a buffer base of 45 
mEq. per L. Following induction of anesthesia 
the pH fell and the Pogo, became elevated to 55 
mm. Hg. Although the Peo, increased to 75 mm. 
Hg, the plasma CO, content remained constant 
within 1 mM per L. This is expressed as a 
sharp initial reduction of the buffer base and fur- 
ther progressive reduction totalling 6.6 mEq. per 
L. Within one-half hour following the termina- 
tion of anesthesia, the Peo, had returned to 50 mm. 
Hg and the metabolic acidosis had begun to 
resolve. 

The greatest changes of Poo, and buffer base 
encountered in these 25 consecutively-studied pro- 
cedures, during which anesthesia was produced by 
agents other than diethyl ether, are presented in 
Table IV. Data obtained during ether anesthesia 
are not included since it has been shown (12, 13) 
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TABLE II 


A summary of the number of measurements carried out on anesthetized patients * 








Number of manometric 
analyses 





Duration During Oxygen saturation 
of anes- anes- 
Anesthesia thesia Operation thesia Total ments Before During End 








min, 

Cyclopropane 127 D&C 
Peridural 140 Prostatectomy 
Thiopental-N,O 133 Midthigh amputation 
Thiopental-N 20 165 Herniorrhaphy 
Cyclopropane 120 D&C 
Thiopental-N,O 300 Vaginal plasty and 

hysterectomy 
Thiopental-N,O-curare 225 Gastrectomy 
Cyclopropane 155 D&C 
Cyclopropane 170 Ankle fusion 
Epidural-meperidine- 270 Cholecystectomy 

thiopental 

Cyclopropane 375 Gastrectomy 
Cyclopropane 140 Closure gastrostomy 
Cyclopropane 135 Herniorrhaphy 
Cyclopropane 180 Herniorrhaphy 
Cyclopropane 130 D&C 
Cyclopropane 165 D&C 
Cyclopropane 112 Herniorrhaphy 
Cyclopropane 155 Thoracotomy 
Cyclopropane-curare 123 Exploratory laporotomy 
Cyclopropane 165 D&C 
Cyclopropane 160 Thoracotomy 
Cyclopropane-thiopental 210 Segmental resection 
Cyclopropane Ligation of ductus 

arteriosis 
Thiopental-N .0- 335 Pneumonectomy 

cyclopropane 

Cyclopropane 290 Gastrectomy 
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_ *In the last three columns summarizing oxygen saturation the words “before,” “during,” and “end” have the same 
time significance as described in the footnote to Table IV. 


, 


that ether induces a metabolic acidosis of variable elevation. The greatest depressions of buffer base 
degree, depending on the subject, which is inde- coincided with the greatest elevations of Poop. 
pendent of changes in Poo,. The cases are ar- This relationship is indicated in Figure 1. 

ranged in order of ascending magnitude of Poo. The regression equation describing the best- 


TABLE III 
Measurements obtained on a representative subject *t 








Time pH CO:, On, Ht Sat. Poco: BB 





10:53 7.35 25.1 14.1 35.4 86.3 43.1 45.2 
10:55 Induction of anesthesia 
11:26 7.24 25.6 15.5 36.4 91.3 55.6 42.4 
12:04 7.22 24.9 14.6 36.0 87.3 56.6 41.0 
12:23 7.18 25.1 15.1 35.5 92.1 62.1 40.8 
1:09 7.10 25.6 14.4 36.8 83.8 74.9 38.6 
1:42 7.16 25.8 14.5 35.2 89.8 66.2 40.2 
1:42 End of operation and anesthesia 
2:14 7.26 24.1 13.4 36.0 80.3 50.2 41.5 





*R.S., November 5, 1952, Cyclopropane, Dilatation and Curettage. 

t pH values represent the average of at least two independent measurements made within two minutes. Additional 
measurements of pli between the indicated times have been omitted from the table. The changes of buffer base, with 
respect to the control value obtained before induction of anesthesia, are listed in the last column. 
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fitting straight line for the points in Figure 1 is: 

BB =2.4 mEq. per L.— 0.067 (A Poo.) + 
0.015 (4 Poo,) in which — 2.4 mEq. per L. is the 
change of buffer base expected during an anes- 
thesia conducted without observed deviation of 
arterial Peo, ; — 0.067 mEq. per L. is the change 
of buffer base expected per unit increase of Poo, ; 
and 0.015 is the standard error of the latter term. 
The correlation coefficient for these data is — 0.65 
+ 0.11. 

The time course of the change of buffer base 
following a sudden elevation of Poo, is illustrated 
by a representative case summarized in Figure 2. 
Three features are typical of this response: 1) a 
decrease in buffer base in the first blood sample 
drawn after depression of the pH; 2) a tendency 
for full development of the metabolic acidosis to 
lag behind the elevation of Poo,; 3) a slow re- 
turn of the buffer base toward normal following 
improvement of the ventilation and reestablishment 
of a more normal Pgo,. In the instance illustrated, 
the ventilation was not improved until anesthesia 
was terminated, and the resolution of the meta- 
bolic acidosis occurred in the early post-operative 
period. However, the disappearance of the meta- 
bolic acidosis is not dependent on termination of 
anesthesia ; if a respiratory acidosis occurs during 
anesthesia and is corrected during anesthesia, the 
depressed buffer base may be seen to rise during 
anesthesia. 

The data of the case illustrated by Figure 2 are 
replotted in Figure 3, using plasma bicarbonate 
content and pH as coordinates, to emphasize the 
failure of HCOs, to increase following increase 
in Poo, in accordance with the normal buffer line 
of blood (refer to “The ABC of Acid-Base Chem- 
istry” by Davenport [14] for a detailed treatment 
of this graph form). The observed curve follows 
an almost horizontal course during development of 
acidosis, indicating the rapidity of development of 
the metabolic acidosis. On the other hand, as a 
consequence of the slower restitution of the meta- 
bolic acidosis, the curve parallels the expected 
course when the Peo, is returned toward normal 
rapidly. 

Figure 4, which summarizes the averages of the 
extreme values of BB and Poo, observed in 57 
consecutive studies, indicates the magnitude of 
change to be expected as a function of: the period 
of anesthesia and operation, the type of anesthetic 








-B 


Fic. 1. CorrELATION OF THE CHANGES IN BUFFER 
Base (ABB) WitTH THE CHANGES IN ARTERIAL PLASMA 
Carson Dioxmwe TENSION (4Poo,) 

See Table IV for details. The solid line represents the 
best-fitting straight line obtained by the method of least 
squares. The correlation coefficient for these data is 
— 0.65. 


agent used, and the type of surgical operation per- 
formed. These data suggest that surgical patients 
tend to exhibit a mild metabolic acidosis before 


anesthesia and operation. The average control 
buffer base for all groups was 45.5 mEq. per L. 
compared to the mean “normal” value which is 
reported to be 49 mEq. per L. (10) (see also 
Table I). A respiratory acidosis occurred in all 
groups during the induction period, and was great- 
est in those patients subjected to thoracotomy, pre- 
sumably because the incidence of endotracheal 
intubation was highest in these groups and the pe- 
riod of hypoventilation was most prolonged. Dur- 
ing the induction period a moderate reduction of 
buffer base occurred which correlated with the 
elevation of Pogo, but tended to be greater in the 
groups receiving ether. Following the production 
of surgical pneumothorax most patients developed 
relatively severe respiratory acidosis. Ventilation 
was maintained at adequate levels most frequently 
during ether anesthesia for non-thoracic proce- 
dures ; this is consistent with the known respira- 
tory stimulant action of ether. On the other hand 
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Fic. 2. Tue Trme Course oF CHANGES OF PH, Poo. AND BuFFER BASE DuRING A 
REPRESENTATIVE CASE 


The arrows indicate the duration of anesthesia and operation. 


The horizontal co- 


ordinates are adjusted to the average “normal” level. 


the greatest degrees of metabolic acidosis occurred 
in this group during the maintenance period. In 
all groups the reduction of buffer base was maxi- 
mum during the maintenance period. At the 
termination of anesthesia and operation ventila- 
tion was improved in all groups and resolution of 


metabolic acidosis had begun. Poo, returned to 
normal levels early in the recovery period. Pro- 
gressive but incomplete subsidence of the metabolic 
acidosis was observed during the recovery period. 


DISCUSSION 


A metabolic acidosis occurs whenever the nor- 
mal excess (approximately 49 mEq. per L.) of 
cations over the non-buffer anions of whole blood 
is reduced. A reduction of this difference can be 
brought about by a reduction in the total base of 
blood, or by an increase in the relative concentra- 
tions of any of the acids of the blood, including 
chloride, lactate, ketone bodies, and other highly 
ionized organic acids. Metabolic acidosis tends 


to accompany a variety of disturbances of normal 
physiology and is produced by a diversity of 
mechanisms, some of which have been extensively 
defined (as in the accumulation of ketone bodies 
during uncompensated diabetes, or the loss of 
sodium during severe diarrhea) and others which 
remain obscure. 

During anesthesia a number of the known 
causes for production of metabolic acidosis may oc- 
cur, but are normally not expected to be an obliga- 
tory accompaniment of anesthesia and operation. 
These causes include hemorrhagic shock, anox- 
emia, hepatic insufficiency, starvation, and dia- 
betes. Ether is the only anesthetic drug among 
those employed during this investigation which is 
known to induce a metabolic acidosis directly by 
the accumulation of lactic acid (15, 16). 

The reason why certain investigators (1, 3, 4) 
have observed consistently an elevation of CO, 
combining power during the first hours of respira- 
tory acidosis, while others (2, 5) have observed 
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a reduction, is not immediately apparent. Anes- 
thesia may be a factor in modifying the cellular 
response to respiratory acidosis by influencing 
cell membrane permeability or cellular enzyme 
reactivity. There is no evidence for the occurrence 
of such effects during clinical anesthesia, although 
they have been demonstrated in vitro and in uni- 
cellular preparations (17). There is, however, 
no consistent relationship between the use of anes- 
thesia and the type of response observed. Meta- 
bolic alkalosis has occurred during breathing of 
CO, mixtures in unanesthetized man (4) and 
dog (1, 5) and in dogs anesthetized with pento- 
barbital (3). The same response has been ob- 
tained in the dog during respiratory acidosis re- 
sulting from morphine-induced respiratory de- 
pression (1). On the other hand, a metabolic 
acidosis has occurred during breathing of CO, 
mixtures in unanesthetized man and dog (5) and 
in the cat and dog anesthetized with barbital (2). 
It has also resulted from respiratory depression 
in anesthetized man, as reported herein, and in 
anesthetized dogs (Holaday, unpublished data). 

Correlations based on degree and duration of 
respiratory acidosis are similarly unrewarding. 
Other factors, not yet evaluated, which might de- 
termine the type of response include pre-existing 
differences in hormonal or fluid and electrolyte 
balances, differences in regional blood flows, and 
degrees of muscular activity during (or in re- 
sponse to) respiratory acidosis. That activity of 
skeletal muscle during respiratory acidosis may 
be a significant factor is indicated by the following 
two studies in which a reduction of CO, capacity 
occurred in paralyzed subjects. Altschule and 
Sulzbach (18) present values of blood pH and 
CO, content, obtained during CO, administration 
to curarized patients, which are consistent with a 
rapidly developing metabolic acidosis. The de- 
scriptions of the changes of blood pH and alveolar 
gas CO, concentration in paralyzed animals dur- 
ing and after diffusion respiration also fit this 
concept (19). This factor might explain the com- 
monly observed occurrence of severe metabolic 
acidosis during surgical operations in which inter- 
ference with normal respiration was encountered 
(20-23) and the failure to observe it where res- 
piration was known to have been adequate (12). 

Failure to obtain a degree of correlation be- 
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Fic. 3. Tue CHANGES oF PH AND PLAsMA BICARBO- 
NATE CONTENT FRoM THE CASE SUMMARIZED IN FIGURE 
2 PLorrep AS A FUNCTION OF CHANGES IN CO, TENSION 


The arrows indicate the sequence of change. The Poop 
isobars are established for these coordinates by the Hen- 
derson-Hasselbach equation. The dashed line represents 
the buffer line for saturated blood having a buffer base 
of 47 mEq. per L. and a hematocrit of 48 per cent. 
Changes of the Pco, of this blood in vitro would be ex- 
pected to produce changes of pH and HCOs5 coinciding 
with the dashed line. The vertical displacement of a 
point below the dashed line is an index of the extent of 
metabolic acidosis incurred. 


tween maximum elevation of Poo, and depression 
of buffer base greater than that observed in Fig- 
ure 4 cannot be construed as evidence against a 
causal relationship since the degree and duration 
of the respiratory acidosis were uncontrolled and 
the periodicity of blood sampling was not corre- 
lated with the occurrence of peak Poo, changes 
to establish these quantitatively in every case. 
Thus the opportunity for obtaining a rigorous 
“dose-response” relationship was not available 
during this study. Further studies, including con- 
trolled schedules of Poo, elevation and measure- 
ment of the distribution of the significant con- 
tributing electrolytes in the several fluid compart- 
ments of the body, will be required to define this 
response more thoroughly and to obtain informa- 
tion concerning its mechanism of production. 

The subjects of this study exhibited mild de- 
grees of respiratory and metabolic acidosis be- 
fore induction of anesthesia. Although it was 
not within the scope of the study to determine the 
causes for this, it is possible that restriction of 
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Fic. 4. Summary oF STUDIES, SIMILAR TO THOSE PRESENTED IN TABLE III AND Ficure 2, 
PERFORMED CONSECUTIVELY ON 57 PATIENTS 


The “control” period is defined as the period immediately preceding induction of anesthesia, 
but usually following administration of naroctic and belladonna drugs. The “induction” period 
extended from the initial administration of anesthetic agent until completion of endotracheal 
intubation and achievement of a relatively stable level of anesthesia; the duration of this period 
was variable and lasted in some instances for 45 minutes. The “maintenance” period included 
the remainder of the operative time. The period designated “end” represents a point in time 
within 15 minutes before or after termination of anesthesia at which a blood sample was ob- 
tained. The values given for the “recovery” period represent averages of the last analysis 
obtained on those subjects who were studied for 30 minutes or more after termination of anes- 
thesia. The average time into the recovery period during which studies were continued was 2 
hours; the longest time was 6 hours. The values listed for the “induction” period and “main- 
tenance” period were interpolated, when necessary, to the lowest pH recorded during the re- 
spective periods. The subjects are divided into 4 groups, depending upon whether or not they 
received ether alone or in combination with other drugs, and whether or not a thoracotomy 


was performed. The number of subjects included in each group is indicated in the key. 


fluids and activity, preanesthetic sedation, con- 
sistent errors of determination, and disease were 
contributory factors. 


SUMMARY AND CONCLUSIONS 


The time course of alterations of acid-base bal- 
ance was obtained on 25 patients before, during 
and after anesthesia induced with nitrous oxide, 
cyclopropane, ethylene, thiopental and/or regional 
block. The CO, tension of 18 subjects became ele- 
vated 10 mm. Hg or more during anesthesia. Re- 
spiratory acidosis was accompanied by a meta- 


bolic acidosis which tended to be proportional to 
the extent of CO, retention. These changes sub- 
sided rapidly following termination of anesthesia. 
It is concluded that the immediate response to 
elevation of CO, tension resulting from depression 
of respiration in anesthetized man is a metabolic 
acidosis. 
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The nitrous oxide method for determining cere- 
bral blood flow as originally described by Kety 
and Schmidt (1) has been unsuitable for use in 
children because of the fairly large amounts of 
blood withdrawn in its performance and because 
of its requirement of a greater degree of active 
cooperation than can be expected from most chil- 
dren under the circumstances of the procedure. 
Although the integrated sample modification of 
Scheinberg and Stead (2) permits a considerable 
reduction in the amount of blood drawn, it loses a 
valuable check on potential errors arising from 
defects in the respiratory system or the presence 
of extracerebral contamination of the internal 
jugular venous blood. Furthermore, timing and 
dilution problems associated with the Scheinberg 
modification lead to errors unless extensive pre- 
cautions are taken (3). Recently, Baird and Gar- 
funkel (4) have employed a modification of the 
original method in studies of the cerebral blood 
flow in infants and children. Blood requirements 
were reduced by the use of micro-gas analytical 
techniques (5, 6), but the necessary cooperation 
was achieved only by sedation with barbiturates. 
Although these drugs, in semi-narcotic doses, have 
been shown to be without effect on the cerebral 
circulation and oxygen consumption in adults (7), 
this has not been established in children. When 
anesthetic doses are employed, a marked reduction 
in cerebral oxygen consumption has been observed 
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despite a slight increase in cerebral blood flow 
(8), the latter change probably a secondary effect 
of respiratory depression and consequent elevation 
of blood carbon dioxide tension (9). It is diffi- 
cult to estimate the extent to which the Baird and 
Garfunkel method (4) is influenced by the seda- 
tion, inasmuch as neither the doses of barbiturates 
nor the values for blood carbon dioxide tension 
are reported. 

The present communication describes a modi- 
fication of the original method which is suitable for 
use without sedation in normal children. To test 
its validity it has been applied to a group of nor- 
mal young men for which comparative values ob- 
tained with the original technique are available. 
Values are then presented for cerebral blood flow 
(CBF), cerebral oxygen consumption (CMRO,) 
and cerebral vascular resistance (CVR) in normal 
children. 


METHOD 


The changes in the classical procedure were directed 
along two lines: 1) reduction in the amount of blood 
drawn, and 2) achieving active cooperation of the child 
by minimizing discomfort and anxiety. 

Reduction in the amount of blood drawn. A micro 
method was developed for the determination of nitrous 
oxide in blood (10) which permitted the measurement of 
nitrous oxide content in 0.2 ml. of blood and reduced the 
total requirement for the estimation of cerebral blood 
flow to 11 ml. To permit replicate determinations, the 
actual volume of the blood samples was reduced only to 
1 ml., but this reduction was sufficient to greatly enhance 
the importance of dead space in the sampling system as 
a source of error. Therefore, the multiple sampling mani- 
fold and the standard luer connections of the original 
technique were not employed. Small bore plastic tubing ¢ 


4“Tygon” (I.D. 0.034” x O.D. 0.050”) was supplied 
by U. S. Stoneware Co., Akron, Ohio. 
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Fie. 1. 


AppaRATUS USED IN THE DETERMINATION OF CEREBRAL BLoop FLow IN 


CHILDREN 


was attached directly to hub-free needles, the other end 
being interchangeably connected to modified 1-ml. tuber- 
culin syringes. Number 20 gauge stainless steel tubing, 
1 cm. in length, was sealed into the glass tips of the 
latter, thereby reducing their dead space to approximately 
0.01 ml. (Figure 1). 

Achieving cooperation. To avoid the anxiety associ- 
ated with the use of an anesthesia mask, a transparent 
acrylic plastic hemisphere, 24 inches in diameter,5 was 
used to administer the nitrous oxide air mixture. This 
permitted the child to watch motion pictures projected 
upon the ceiling before and during the test period. To 
minimize pain in establishing the sampling systems, me- 
ticulously sharpened No. 23 gauge needles were used, the 
bores of which were polished® and coated with a sili- 
cone solution’ to prevent clotting. 

The actual procedure was as follows: After the child 
had become familiar with the apparatus and the details 
of the procedure, he was placed on a table covered with 
a hard mattress. The legs were immobilized with elastic 
bandages on a suitable board. The femoral artery punc- 
ture was performed in the usual aseptic manner using the 
needle with sterile tubing attached (Figure 1) after in- 


5 Made by Farquhar Transparent Globes, Philadelphia, 
Pa. 

6 This was done by using an aqueous suspension of 
gamma alumina with rapid alternating movements of a 
3-0 nylon suture threaded through the needle bore. 

7 “Desicote” supplied by Beckman Instrument Co. 


filtrating the superficial layers of the skin with a small 
amount of 1 per cent procaine. The other end of the 
tubing was then connected to a 5-ml. syringe pipette filled 
with dilute heparin solution (2 mg. per ml.). After blood 
had been allowed to flow into the syringe to clear the 
system of air bubbles, heparin solution was flushed through 
the tubing and needle by twisting the volume control 
screw of the syringe pipette. Occasional quarter turns 
of the latter served to prevent backflow of blood into the 
needle. The puncture of the superior bulb of the internal 
jugular vein was carried out in the usual manner (11, 12) 
with the hub-free needle and attached plastic tubing 
(Figure 1). Heparin solution was introduced into the 
system as described for the femoral arterial puncture. 
The length of the needle selected varied between 144 and 
2 inches and was chosen according to the size of the child 
so that there was the shortest possible length protruding 
beyond the surface of the skin once it was properly in 
place. This allowed free movement of the head and neck 
without risking its displacement. After the sampling 
systems had been established and flushed with heparin 
solution, the dome was placed over the head and shoulders, 
and plastic sheeting, glued to its free edge, was tucked 
in tightly around the trunk. When used with adults, it 
was more comfortable for the subject to have arm ports 
provided in the hemisphere so that the hands might rest 
folded on the abdomen. Until the start of the test period, 
the dome was supported with a prop at the upper end, and 
an electric fan circulated air through the opened chamber. 
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TABLE I 


Gas content, pH and pCO, of arterial blood before and 6' — 8 after enclosure in dome * 
NINE YOUNG MEN 


u-tI 





47.806 
pi 7-375 


pCOz 4.7 41.5 


47.980 
736i 





* Ventilated with air at 20 - 30 liters/minute, 


* As determined by the method of paired comparisons. 


A weather balloon, filled to 3 feet in diameter with the 
usual gas mixture (15 per cent nitrous oxide, 21 per cent 
oxygen, and 64 per cent nitrogen) and clamped at the 
neck with an intestinal clamp, was connected to the 
dome over an opening 1% inches in diameter. After 
withdrawal of a blood sample to be used as the blank 
for the nitrous oxide analyses, the dome was lowered, and 
the balloon clamp released to permit a rapid washout of 
the air in the dome. Simultaneously, drawing of the in- 
tegrated first minute samples of arterial and cerebral ve- 
nous blood was begun, the rate being 0.25 ml. every fifteen 
seconds. Before the balloon had become completely de- 
flated, a tank containing the gas mixture, and connected tc 
the dome by a rubber hose, was turned on at the rate of 
20 to 30 liters per min. The number and timing of sub- 
sequent samples were the same as in the original method 
except that each was taken over a somewhat shorter 
interval, t.e., 10 to 15 seconds. Before the withdrawal 
of each blood sample, the tubing was first filled with 
fresh blood by drawing back the barrel of the heparin 
containing syringe. All sample syringes were capped 
and kept in ice water until analyzed. The calculation of 
cerebral blood flow was done as originally described after 
plotting the nitrous oxide concentrations of the arterial 
and jugular venous blood against time (1). 

In the studies reported here, in which the above pro- 
cedure was used, estimations of cerebral oxygen con- 
sumption, cerebral respiratory quotient, and blood car- 
bon dioxide tension were calculated in the usual manner 
and required the measurement of the appropriate blood 


8 Supplied by Seyfang Laboratories, Atlantic City, New 
Jersey. 


constituents. Blood oxygen and carbon dioxide con- 
tents were determined by the manometric technique of 
Van Slyke and Neill (13) as modified by Kety (14). He- 
moglobin was estimated as cyanmethemoglobin (15) in a 
Klett-Summerson photometer using the copper sulfate 
standard (16). Blood pH was measured at ambient 
temperature by means of a Cambridge pH meter and 
micro glass electrode and corrected to 37° C. by the factors 
of Rosenthal (17). Blood carbon dioxide tension was 
computed by means of the nomogram of Peters and Van 
Slyke (18). 

The modified method for CBF determination was tested 
on a group of normal, young male university students 
drawn from the same population previously studied by 
one of us (19). The children studied by this technique 
included five boys and four girls between the ages of 
3 and 11 years. This was a highly selected group of the 
most cooperative children. Thirty-five others were origi- 
nally selected for the procedure, but at one stage or an- 
other in the preparation (usually just before the needle 
punctures) became uncooperative. The two 3-year-old 
children required some restraint at the time of the 
needle punctures, but thereafter one went to sleep and 
the other was content to lie quietly. The past medical 
history of the children was negative for central nervous 
system disease, except for occasional headaches in two 
(J.H. and R.G.), and two febrile convulsions in one 
(M.C.). The latter had had one such convulsion two 
months prior to the study but no recurrence subsequently 
over a three-year period. At the time of this writing 
she was well and free of any signs of any central nervous 
system disorder. 
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RESULTS 


The large volume of dead space in the respira- 
tory system employed in the modified technique 
suggested the possibility of alterations in blood gas 
tensions, particularly CO, tension, which might 
alter cerebral blood flow (9). Therefore, arterial 
CO, content, pH, and pCO, were determined in 
nine adults and eleven children while breathing 
room air and 6 to 8 minutes after being enclosed 
within the plastic dome, which was ventilated with 
the nitrous oxide air mixture at the rate of 20 to 
30 liters per minute, the rate employed in the cere- 
bral blood flow studies. As can be seen from 
Table I, no significant changes were observed. 
Also, three additional experiments were per- 
formed (two adults and one child) in which the 
carbon dioxide concentration in the inspired air 
in the dome was determined by the method of 
Scholander (20) after the subjects’ enclosure 
within it, the conditions being identical with those 
of the cerebral blood flow studies. In these, the 
carbon dioxide concentration was found to rise 
to 0.4, 0.5, and 0.3 per cent, respectively, none 
of these values approaching the 2.5 per cent level 
which Patterson, Heyman, Battey, and Ferguson 
(21) have found to be the threshold for alteration 
of cerebral blood flow. 

Data on blood constituents and the cerebral 
circulatory functions obtained with the modified 


method are tabulated in Tables II and III, re- 
spectively. The results obtained in the children 
are individually tabulated; only the mean values 
and standard errors obtained in normal young men 
are presented for comparison. It is apparent 
from the latter values that the modified technique 
yields values for cerebral circulatory and meta- 
bolic functions comparable to those obtained with 
the original method (1). Thus, cerebral blood 
flow, vascular resistance, arteriovenous oxygen 
difference, and respiratory quotient did not differ 
significantly from the values reported by Kety 
and Schmidt in a similar group of subjects (1). 
Only the cerebral oxygen consumption, 4.2 ml. 
oxygen per 100 Gm. per min., obtained with the 
modified technique differed significantly from the 
originally reported value (1), statistically signifi- 
cantly exceeding the value 3.3 ml. oxygen per 100 
Gm. per min. reported by Kety and Schmidt (p < 
0.02). 

Comparison of the results obtained in the chil- 
dren and the young adults reveals some notable 
differences. The differences found in pulse rate, 
blood pressure, hemoglobin concentration, blood 
gas concentrations, and blood pH were all to be 
expected in view of the established normal values 
for children (22, 23). The mean cerebral blood 
flow in children, 106 ml. per 100 Gm. per min., 
was found to be considerably greater than the mean 


TABLE II 
Blood constituents in children and adults using the modified technique 


gb, Oxygen Content 
grams % volumes % 


CO> Content pH CO, Tension 
volumes % 


Arterial Venous Arterial Venous Arterial Venous Arterial Venous 


Children - 9 


10.40 
9 


EESBSESER 
NBOAION San 


Ore DPR EOEY 
. 
Es 
SCNIAOVEWw 


7 


MORON Om 


cases 


43,01 
44.66 
46,00 
49.75 
47,84 


BREREBEGES 
BSSKESESNE 


NANANRAANN 
BRFSBRSEE 





46.36 
40.8 


Sx 
=] 





Adults - 
11,75 


5 
8 20,30 10.39 
p* Value < 0,001 <0,001 <0,1> 0,05 


12 cases 


49,86 56.31 7,40 71.35 
40.01 40,01 40.6 


40,72 40,71 : 
£0,001 0,001 <0.190.05 50.1 0,17 0.05 


* Determined by the method of estimating the significance of the difference between two means, 
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TABLE III 


Comparison of data on cerebral circulatory functions in children and adults using the 
modified technique 


Pulse Rate 


MABP Cr CMRO2 
mm. Rig. cc. /100g./min, ec. /100g./min, 


Cerebral 
R.Q, 


CYR 
mm. Aig. 


(av 
to oc,/100g./min, 


Children - 9 cases 
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85 





Mean 
Stand, Error 
p* Value 


82.4 
41.3 42.6 
>0.5 


<0,001 


6.99 
20.47 £0.29 
<0.01 <0,001 


* Determined by the method of estimating the significance of the difference between two means, 


value, 60 ml. per 100 Gm. per min., observed in the 
young adults (p< 0.001). Also significantly 
higher in children was the cerebral oxygen con- 
sumption, the mean value being 5.2 ml. per 100 Gm. 
per min. as compared to 4.2 ml. per 100 Gm. per 
min. in the adults (p < 0.01). The cerebral vas- 
cular resistance in the children was 0.8 mm. Hg 
per 100 Gm. per min., which was statistically sig- 
nificantly lower than the 1.4 mm. Hg per 100 Gm. 
per min. observed in young adults (p < 0.001). 
No difference in the cerebral respiratory quotient 
(R.Q.) between the two groups was observed. 
The results of repeated determinations of CBF, 
CMRO, and CVR in a single child using the 
modified method are seen in Table IV. The dif- 
ferences reflect not only the errors of the method 
but also, no doubt, some degree of physiological 
variation. The variability is comparable to that 
reported with the original procedure (24). 


DISCUSSION 


The modified method for measuring cerebral 
blood flow was found to yield values for CBF in 
normal young men comparable to those of the 
original technique, but the calculated mean values 
for CMRO, were found to be significantly higher. 
Some evidence exists that anxiety may cause an 


increase in CMRO, (25), but we have no reason 
to suspect that there was any difference in the de- 
gree of anxiety present in the two groups of young 
men. The discrepancy between the two methods 
with respect to CMRO, remains unexplained as 
do also similar differences in results obtained 
with other variations of the original method (26). 
Indeed, one of us (L.S.) has recently completed a 
series in normal young adults studied by the origi- 
nal techniques without modification in which the 
values for CBF and CMRO, are comparable to the 
adult values reported here (27). 

The possibility that the higher values for CBF 
and CMRO, found in the children may have re- 
sulted from specific conditions of the procedure 
must be considered. In view of the report of 
Schmidt and Hendrix (28) that light stimulation 
of the retina results in an increase in blood flow 
to the visual cortex in cats, the projection of mo- 
tion pictures, not done for the adults, might be 
considered of importance in accounting for the 
higher CBF in the children. However, the au- 
thors of this study indicate that the increase in 
CBF was confined only to a small, sharply de- 
marcated area, and, therefore, it is unlikely that, 
even if such an increase occurred it would have a 
measurable effect on over-all cerebral blood flow. 
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Furthermore, the studies in the children were con- 
ducted in a dimly lighted room in order that the 
picture, reflected from the painted ceiling, could 
be seen, and, therefore, there was probably no 
greater visual stimulation in this group than in the 
adults. The films chosen were of vacuous content, 
but of sufficient interest to hold a child’s attention 
without inducing anxiety. It is doubtful that they 
were provocative of cerebration of comparable in- 
tensity to that required in solving arithmetic prob- 
lems, a form of mental activity which has been 
shown not to be associated with measurable in- 
creases in CBF or CMRO, (29). 

An additional factor which must be considered 
is the degree of anxiety in the children as com- 
pared with that in the adults. Great pains were 
taken to minimize this, and that it was not a major 
factor is suggested by mean pulse rate and mean 
arterial blood pressure readings which are not 
above the normal resting level for children 6 years 
of age (23). Also, in the child studied on four 
separate occasions, there was no suggestion of a 
decrease in his CBF and CMRO, as he became 
thoroughly familiar with and, therefore, presum- 
ably less anxious about the procedure. A sub- 
jective evaluation of the subjects was that the 
children were less anxious than the adults. 

Garfunkel, Baird, and Ziegler (30) have re- 
ported lower values for CBF and CMRO, in 
children than obtained by us. However, most of 
the subjects in their series had gross evidence of 
neurological or mental defects. Current studies 
in this laboratory (31) indicate that such abnor- 
malities are frequently accompanied by reductions 
in CBF and CMRO,. Furthermore, the mean 
age of their group was 32 months as compared 
with 6.1 years in our series. Although differences 
in techniques and their use of sedation make any 
conclusions only tenuous, their finding of a lower 
CMRO, at this much younger age level is con- 
sistent with the results of im vitro studies in the 
rat (32, 33) and dog (34), where CMRO, was 
found to be at a lower level in the very young 
animal. 

In view of the high total body metabolic rate 
in childhood (35), it is, perhaps, to be expected 
that the cerebral metabolic rate would also be 
higher than in adult life. However, if this is re- 
lated to growth, it is surprising to find that 
CMRO, remains at a high level after the age 


NORMAL CHILDREN 


TABLE IV 

Repeated determinations on one child + 
CMRO CVR 

re 7 1,07 


6 
5e 0.92 
5e 1.03 


R.Q, 
1,10 





5.4 0.8 
40.25 40.03 


+ Because this child was subject to occasional generalized 
seizures requiring low doses of anticonvulsant medication 
for control he was not included in the series of normal 
children, 


1.03 
10.04 


of 6 when the brain has reached 95 per cent of its 
mature size (36). Furthermore, in contrast to 
total body metabolic rate, which decreases with ad- 
vancing age throughout the pre-adolescent years, 
CMRO, was found to have no significant correla- 
tion either positive or negative with age between 
the ages of 3 and 10 years (r = — 0.21, p> 0.1). 
Indeed, it was found to be relatively constant over 
that age span. Consistent with this pattern of 
change in CMRO, with growth are the in vitro 
measurements in the rat (32, 33, 37), which to- 
gether with our in vivo studies constitute further 
evidence that the energy requirements for brain 
tissue are determined independently from the body 
as a whole (38) and that these are associated with 
metabolic processes not directly related to incre- 
ments in brain size. Gordan, Guadagni, Picchi, 
and Adams (39) have suggested that the steroid 
hormones may be of considerable importance in 
the regulation of CMRO, and that our findings, 
together with their observations of higher value 
for CBF and CMRO, than normal in testicular 
eunuchoidism and hypopituitrism, may be related 
to an inhibitory action of certain of these agents 
which has been observed in vitro. 

Because of the special characteristics of cere- 
bral maturation, a consideration of the high cere- 
bral metabolic rate in childhood leads to an 
intriguing corollary. For example, it can be cal- 
culated * that in a young child the brain may ac- 


®A normal five-year-old child weighing 20 kilograms 
has an average metabolic rate of 36 calories per hour 


(25). Since the caloric value of oxygen is 4.8 cal. per 
liter, the total body oxygen consumption is 7.5 liters per 
hour or 125 ml. per minute, assuming a brain weight at 
this age of approximately 1200 grams and a CMRO, of 
5.2 ml. per 100 Gm. per min., the total cerebral oxygen 
consumption equals 62 ml. per min. or half the total body 
uptake. 
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count for approximately one-half of the basal total 
body oxygen consumption. This calculation re- 
quires the assumption that the CMRO, in children 
in the basal state is not significantly lower than the 
values reported here, but the assumption is prob- 
ably justified in view of the several reports of the 
lack of change in cerebral metabolic rate in con- 
ditions in which total body metabolic rate is 
known to be altered (19, 29, 38). 


SUMMARY 


1. A modification of the original method for 
measuring cerebral blood flow has been described 
which is suitable for use in normal children. The 
results obtained with the modified procedure 
proved comparable to those derived using the 
original technique. 

2. In a group of normal children the cerebral 
blood flow and the cerebral metabolic rate were 
found to be significantly higher than in normal 
young adults, and the cerebral vascular resistance 
was significantly lower. 
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Although many published studies relevant to the 
effects of exercise on the gross pulmonary hemo- 
dynamics of patients with heart disease are avail- 
able in the literature, few data are to be found 
which deal with normal man (1-6). There have 
been conflicting claims that there is no increase, 
no significant increase, a consistent increase, or an 
occasional decrease in the pulmonary artery pres- 
sure of normal man as the result of exercise loads 
eventuating in oxygen uptakes up to 400 ml. per 
M.? per min. (2) and pulmonary blood flows two 
to three times the resting basal levels (1, 5). 
Moreover, comparison among the published data 
is difficult because of variations in the exercise 
posture, the duration of exercise, the work loads 
employed, and the timing of blood and pressure 
sampling, which often are varied in different sub- 
jects within the same body of data. 

Slonim, Ravin, Balchum, and Dressler (6) 
alone have systematically studied the continuous 
pulmonary artery pressure variations in 5 normal 
subjects in the recumbent position over a 7-min- 
ute period of exercise, employing an almost uni- 
form work rate between 784 and 840 foot-pounds 
per minute. These authors noted immediate in- 
creases in pulmonary systolic, diastolic and mean 
pressures, which usually reached a peak between 
the first and third minutes of exercise with an 
overall tendency to a slight secondary decline by 
the sixth minute. A steady state was not achieved. 

The present report is intended to extend these 
findings employing a mild and uniform external 
work load of 850 toot-pounds per minute sustained 
over a period of 39 minutes. This mild amount of 
work was selected in order that steady state be 
attained in a reasonably uniform period of time, 


1 Supported by a grant from United Appeal, Lorain 
County, Ohio. 


that it be maintained as long as possible, and that 
some lower limit of vali, measurable change be 
established for comparison in subjects with heart 
disease physically unable to exercise at higher 
work loads and achieve the steady state (7). 


MATERIALS AND METHODS 


Studies were conducted on 12 subjects with normal 
cardio-respiratory systems who had convalesced from 
various illnesses (bronchopneumonia, active peptic ulcer, 
eczematoid dermatitis), or had been admitted for in- 
vestigation of minor complaints. None were anemic or 
febrile. All had been ambulatory for several days before 
the studies were conducted. On the day prior to the ex- 
periment the subjects were exercised in the supine posi- 
tion at a standard work rate of 850-foot pounds per minute 
for a period of 39 minutes. In all but three instances 
the steady state, as determined by repetitive determina- 
tions of the oxygen consumption (8), was attained within 
10 to 12 minutes of exercise; in the remaining three, it 
was attained at the 12 to 14-minute period. The following 
morning, at an ambient temperature of 23 degrees C., 
cardiac catheterization was performed in the post-ab- 
sorptive state with mild sedation (Pentobarbital Sodium, 
0.1 Gm.), employing standard No. 7F Cournand catheters. 
The supine position was maintained throughout the en- 
tire study. Following initial determinations of the right 
atrial, ventricular, pulmonary arterial and wedge pres- 
sures, all of these being within normal limits (9), the 
catheter tip was uniformly positioned in the right pul- 
monary artery, just to the right of the sternum. An in- 
dwelling arterial needle was placed into the brachial ar- 
tery for the collection of blood specimens and the re- 
cording of peripheral arterial pressures. The heart rate 
was measured electrocardiographically and the respiratory 
rate was counted by direct observation of the flutter 
valve in the face mask. After a period of stabilization, 
control records were made of the pulmonary and brachial 
artery pressures and the heart and respiratory rates at 
the beginning of each of 3 consecutive minutes. This was 
followed immediately by duplicate 2-minute determina- 
tions of the oxygen consumption and cardiac output em- 
ploying the Fick principle, and two more recordings of 
pressures, heart, and respiratory rates. These constituted 
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the control data. The legs were then elevated, and the 
feet secured to the pedals of a variable resistance bicycle 
ergometer (10). The entire maneuver consumed 3 to 4 
minutes. A record was then made of pulmonary and 
brachial artery pressures and heart and respiratory rates 
at the beginning of each minute for 5 minutes in this 
stationary position, followed by exercise at a steady work 
rate of 850 foot-pounds per minute. The stroke radius 
was 18 cm., and the thighs did not exceed a maximal 
elevation of 80 degrees from the horizontal, minimizing 
the possibility of abdominal compression. 

In 7 patients (Table IA) arterial pressures and heart 
and respiratory rates were recorded at the beginning of 
each consecutive minute of exercise for 39 minutes, ex- 
cept during the 10 to 14, 20 to 24, and 30 to 34-minute 
periods, when duplicate determinations were made of the 
oxygen consumption and the cardiac output. In 3 pa- 
tients (Table IB) the identical procedure was carried out, 
except that an intra-arterial needle was not introduced 
and no blood specimens were withdrawn, since it was 
possible that recorded pressure levels could be affected 
by the short-term removal of numerous blood samples. 
In a third group of 2 patients (Table II), following the 
same procedure as with the first 7, the work load was 
suddenly doubled at the end of 29 minutes without inter- 
ruption of exercise. Recordings of pressures and rates 
were made every minute until a total elapsed time of 49 
minutes, except during the 40 to 44-minute period when 
cardiac output determinations were done. At the end 
of this time pressures were obtained during withdrawal 
of the catheter in the main pulmonary artery and the 
right ventricle, and the experiments were abruptly termi- 
nated. The latter experiments were done to note if any 
change in the previously established response pattern of 
the pulmonary artery pressure would occur with a sud- 
den increment in the work load. 

Pressures were transduced via P23A Statham strain 
gauges and recorded on the Brush Multi-channel direct- 
writing oscillograph.2 The reference point for central 
venous pressures was 10 cm. anterior to the posterior 
surface of the thorax, in the fourth intercostal space. 
Mean pressures were derived by planimetric integration of 
the pressure pulses in two consecutive, technically ac- 
ceptable respiratory cycles. 
through a dry gas test meter, 2-minute collections were 
made in Douglas bags and the samples analyzed in the 
Pauling oxygen analyzer. All expressed values for 
minute ventilation and oxygen consumption were cor- 
rected for STPD. The recorded data for oxygen con- 
sumptions and cardiac outputs represent the averages of 
two consecutive determinations which were required to 


Exhaled air was measured 


2 The sensitivity employed for pressure recording was 
1 mm. deflection for 1 mm. Hg in the case of the pul- 
monary, and 1 mm. deflection for 6 mm. Hg in the case 
of the brachial artery pressures. Error through amplifier 
drift was avoided by careful checking of the zero line 
before and introduction of a zero line after each set of 
recordings. 
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vary less than 10 per cent (8) from each other to be 
accepted as technically valid. Blood oxygen values were 
determined in duplicate spectrophotometrically (11) and 
were required to vary less than 0.2 volume per cent from 
each other. Total pulmonary and estimated systemic re- 
sistances were calculated according to standard formulae 
and expressed as c.g.s. units (2). Mean pulmonary ar- 
tery pressure only was employed in the case of the former, 
and those data indicate total pulmonary and not pulmo- 
nary vascular resistance. In choosing the values of mean 
pressure to be employed in the numerator of the formula, 
the average of the two pressure determinations preceding 
and the three immediately following each set of oxygen 
consumptions was employed. This minimized the error 
inherent to the selection of a single pressure point. 


RESULTS 


The data for the first group of 7 subjects are 
presented in Table IA, those for the control sub- 
jects in Table IB, and those for the 2 patients who 
underwent more prolonged exercise with an in- 
crease in the work load in Table II. The pressure 
values in the tables represent the averages of the 
individual minute-to-minute pressures for the re- 
cumbent control and stationary leg-up positions, 
and the 1 to 9, 15 to 19, 25 to 29, 35 to 39-minute 
periods of exercise (Tables IA and IB), or 1 to 9, 
15 to 19, 25 to 29, 30 to 39, and 45 to 49-minute 
periods (Table II). Typical exercise response 
patterns are shown in Figures 1, 2, and 3. Aver- 
age changes for pressure and other data in the 
first 7 patients, expressed as percentile changes 
from the control data, are illustrated in Figure 4. 

A steady state of oxygen consumption and car- 
diac output was maintained at the end of the first 
and second sets of exercise determinations in 11 
patients (oxygen uptake only in the control sub- 
jects), the lone exception being W.A. (Table IA), 
in whom there was a progressive rise in the cardiac 
output. In patients A.V., C.Q., B.B., and L.P. 
(Table IA) the steady state was maintained to the 
end of exercise, whereas in W.A., V.P., and I.R. 
there was an increase in the cardiac output during 
the third period of exercise. The first level of 
exercise steady state was deliberately lost in T.P. 
and M.G. (Table II) since the work load was 
doubled. Despite these changes in oxygen con- 
sumption and cardiac output the presented values: 
are considered reasonably valid since consecu- 
tive duplicate determinations differed less than 10 
percent from each other. The minute ventilation 
and respiratory rates followed rather closely the 
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TABLE IA 


Prolonged mild exercise—Work load: 850 foot-pounds 














Cardiac index 


Oxygen Fapmoten 
2/mi L./M.3/min. 


mi./M. 


Minute ventilation 


L./M.2/min. Respiratory rate 





mf 10-14 20-24 30-34 


min. min. min. min, min. 


Con- 10-14 20-24 30-34 
trol in. 


10-14 20-24 30-34 
min. min. min. 


Con- Feet 
trol up 


Con- 10-14 20-24 30-34 
trol min. min. min. 





142 231 233 234 4.03 5.05 4,93 


3.06 
wM 
1.86 
BF 
wM 
1.64 


WwM 2.17 2.95 


1.64 


BM 
1.67 


4.87 


3.86 4.82 5.24 5.40 13.6 13.8 16.6 16.7 17,2 


5.30 5.36 25.3 254 26.0 


6.05 5.82 





* Key: W, white; B, black; M, male; B.S., body surface in square meters, Systolic, mean, and diastolic pressures from above downward in 


re data group. The data for respiratory tate, pulmonary and 


brachial artery pressure represent the averages of the points sampled 


for each ine: period indicated. Blank spaces indicate technical inability to obtain data. 


changes in oxygen consumption, remaining fairly 
stable at the end of the first two exercise periods, 
and tending to increase toward the end of exercise. 

Elevation of the legs to the exercise position re- 
sulted in an increase in both pulmonary and 
brachial artery pressure in almost all instances. 
The pulmonary artery pressure presented two re- 
sponse patterns during exercise. in most cases, 
as exemplified in Figure 1, there was a rapid rise 
which remained variably sustained for the first 
5 or 6 minutes. Thereafter there ensued a gradual 
decline so that by the end of the exercise period 
the pressures were only slightly above or occasion- 
ally below the control values. This was particu- 
larly true of the systolic and mean pressures. The 


diastolic pressure tended to show a lesser amount 
of decline. The second and less frequent response, 
as exemplified by Figure 2 (C.Q.), showed a more 
gradual and lesser rise in pressure which there- 
after also declined progressively. This same pat- 
tern was noted in patients L.P. (IA) and J.G. 
(IB). In all three of these instances, the pre- 
ponderant number of the pressure points recorded 
during exercise fell below the average and even 
below the lowest single pressure recorded in the 
control period. In no case, however, was there 
a failure to record at least several single pressures 
in the first 9 minutes which were not greater than 
the highest single value in the control period. 

In the two subjects in whom the exercise load 


TABLE II 
Initial work load: 850 foot-pounds per minute—Work load increased to 1,700 








consumption 
mi./M 2/min. 


Cardiac index 
L./M 2/min. 


Minute ventilation 
L./M.2/min. Respiratory rate 





10-14 20-24 40-44 


Con- Con- 10-14 
trol trol min. 


20-24 40-44 
min. min. 


Con- Feet 
trol up 


10-14 20-24 40-44 
min. min. min. 


10-14 20-24 40-44 
min. min. min. 


Con- 
trol 





201 206 280 2.13 3.44 3.46 


84 191 192 287 230 340 3.48 


4.03 


4.00 


3.11 563 5.75 6.85 120 120 165 20.7 


2.60 492 5.13 6.68 120 120 164 168 17.6 





white; B, black; M, male; B.S., body 


surface in square meters. Systolic, mean, and diastolic pressures from above downward in each pressure data 


* Key: W, 
eS data for respiratory rate, pulmonary and brachial artery pressure represent the averages of the points sampled for each time period indicated. 
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TABLE 14—Continued 
per minute—Total exercise time: 39 minutes * 








Total pulmonary Total peripheral 
Pulmonary arterial pressure Brachial arterial pressure resistance resistance 
mm, Hg C.G.S, units C.G.S, units 


Con- Feet 1-9 15-19 25-29 35-39 Feet 1-9 15-19 25-29 35-39 Con- 10-14 20-24 30-34 10-14 20-24 30-34 
trol up min. min. min. min. up min. min. min. min. trol min. min, min, 1 min. min. min, 
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TABLE IB 
Control group—Brachial artery pressures and cardiac outputs not obtained * 








Oxygen consumption Minute ventilation Pulmonary arterial pressure 
ml./M .2/min, L./M.2/min. mm. Hg 








Con- 10-14 20-24 30-34 Con- 10-14 20-24 30-34 Feet 1-9 15-19 25-29 35-39 
trol min. min, min. trol min. min, min. up min. min. min. min. 
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* Key: W, white; B, black; M, male; B.S., body surface in square meters. Systolic, mean, and diastolic pressures from above downward in 
each pressure data group. The data for respiratory rate, pulmonary and brachial artery pressure represent the averages of the points sampled 
for each time period indicated. 


TABLE 11—Continued 
foot-pounds at 29.5 minutes of exercise—Total exercise time: 49 minutes * 
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Pulmonary arterial pressure Brachial arterial pressure ce resistance 
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for each set of pressure points. 
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Respiratory Rate (CrecLes) AND VENTILATION IN Patient C.Q. (Sze Text) 


was doubled at the end of 29 minutes of exercise, after, the pressures rapidly declined, and by the 
as exemplified by patient T.P. (Figure 3), there termination of exercise they were even lower than 
was a secondary rise in pressure which did not, immediately prior to the increased work ioad. 

however, attain the same elevation as the rises re- The brachial artery pressure did not show the 
corded in the first 9 minutes of exercise. There- same repetitiveness of response to exercise as did 





SALVATORE M. SANCETTA AND 





T.R B.M. 28 
1.72 Mt 
FT. LB./ MIN. (1-29 MIN.) 
1700 FT. LB./ MIN. (29-49 MIN.) 
CARDIAC OUTPUTS 
3660 ce 








5910 ce 


BPE RSERSESVBSsS 


°° 
x 
we 
° 
= 
= 
” 
w 
4 
> 
” 
” 
w 
oa 
a 
> 
4 
E 
a 
> 
a 
< 
o 
So 
= 
a 
> 
a 


RATE 





3 
o-R Uw ea GaN @ © 


onese ends 


RESPIRATORY 


‘2e2ses6 ‘20646 


CONTROL FEET UP 


‘2se486769 


es ev wn 


LOUIS RAKITA 


3 


S88 988 858 
PULMONARY RESISTANCE CGS. UNITS 





—NUAaan® 


VENTILATION 
L/M* / MIN. 


26 26e7 th 8M 825334 55 BT 8ESD 86845 46 4748 48 (UTES) 


EXERCISE (8SOFT. LB. /MIN.)————? ¢— (1700 FT. LLB. / MIN) ——> 


Fic. 3. ResPoNsSE oF PuLMOoNARY ARTERY PressuRES, ToTAL PULMONARY REsISTANCE (Heavy LINEs), 
Respiratory Rate (CircLES) AND VENTILATION IN PaTIENT T.P. 
The work load was doubled at 29.5 minutes of exercise (see text). 


the pulmonary artery pressures, and on the aver- 
age the values during the first 9 minutes of exer- 
cise were less than those recorded in the stationary 
leg-up position, though higher than in the control 
period. Throughout the entire period of exercise 
the pressures tended to deviate but little from the 
slight elevations recorded in the period of station- 
ary leg elevation. There was no particular cor- 
relation either on the whole or in the individual 


subjects between the pulmonary and brachial ar- 
tery pressure changes. 

The ‘otal pulmonary resistance showed a pro- 
gressive decrease from the control values through- 
out the entire exercise period, except for patients 
I.R. and C.Q. (Table IA), in whom there was no 
difference between the values at the end of the 
first and second, and the second and third periods 
of exercise, respectively. Otherwise, the progres- 
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sive decreases in resistance occurred regardless 
of stability or change in the cardiac output. 

The estimated total systemic resistance, on the 
other hand, showed some tendency to vary with 
the change in cardiac output, and on the average 
remained essentially unchanged when the latter 
remained steady, and decreased further when the 
output increased (Figure 4). 

Although recorded, the data for the heart rate 
have not been presented, since they showed a 
rapid increase with exercise and a maintenance 
of a study plateau throughout the entire exercise 
period. 


DISCUSSION 


It must be noted at the outset that the changes 
in pulmonary resistance recorded in these experi- 
ments relate to the total circuit from the pulmo- 
nary artery to the left atrium. In the absence of 
data for the left atrial pressure, the entire cir- 
cuit must be considered as a whole. It is not pos- 
sible to dissociate alterations of resistance in the 
pulmonary vascular bed from those changes tak- 
ing place within the heart chambers. 

Although the pulmonary artery pressure changes 
reported in these experiments were small, they 
were nonetheless sequentially consistent, particu- 
larly when presented in terms of both individual 
and cumulative averages. These changes resemble 
generally the data of Slonim, Ravin, Balchum, and 
Dressler (6) for the first few minutes of exercise, 
in that a variable but consistent pressure increase 
was noted. The contribution to this pressure in- 
crease by passive elevation of the legs to the exer- 
cise position, however, appears to have been ig- 
nored in the published literature. Elevations in 
both pulmonary and brachial artery pressures were 
recorded in almost all of the experiments when the 
legs were raised. While the mechanism of these 
elevations has not been definitely elucidated, simi- 
lar increases, incompletely reversed by ganglion 
blocking doses of hexamethonium, occur with the 
assumption of a 35-degree total head-down body 
tilt (12). It is possible that the recorded pressure 
increases in the pulmonary artery may be due to 
a translocation of blood from the lower extremities 
with a resultant increase in the intrathoracic blood 
volume (13). In any event, a portion of the pres- 
sure elevation occurring during recumbent exer- 
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cise must be ascribed solely to passive elevation of 
the legs when a “bicycle” type of ergometer is 
employed. 

As was noted earlier, the data reported by 
Slonim, Ravin, Balchum, and Dressler (6) seemed 
to indicate that following the initial rise in pul- 
monary artery pressure, there appeared some tend- 
ency to a slight secondary decrease by the sixth 
or seventh minutes of exercise, when the experi- 
ments were terminated. The present studies ex- 
tend these findings and indeed demonstrate a 
gradual and continued decrease in pressure 
throughout the entire prolonged period of exer- 
cise. This same pattern was reproducible regard- 
less of the degree of rise during the first few min- 
utes of exercise, and was not due to the with- 
drawal of blood samples for analysis (Table IB), 
nor, as shown in previous studies employing a 
similar amount of exercise (7, 14), to any marked 
change in peripheral arterial pCO, or oxygen 
saturation. It is possible that the initial pressure 
rise during the first few minutes of exercise may 
be caused by a further transient increase in the 
intrathoracic blood volume consonant with an in- 
creasing venous return. This possibility, al- 
though unsubstantiated, is rather attractive, and 
would explain nicely the temporary interruption 
of the progressive pressure decline noted in the 
two subjects in whom the work effort was doubled 
at the end of 29 minutes of exercise (Table II, 
Figure 3). 

The compensatory readjustments producing the 
progressive pressure decrease after an initial rise 
may, however, be so manifold as to defy any single 
explanation of these findings. One may speculate 
that all or some of the following factors may play 
a part: 

1. Verzar (15) has shown that factors which 
increase the respiratory effort in humans, such 
as exercise or exposure to low barometric pres- 
sures and to reduced concentrations of oxygen in 
the inspired air (10 and 7 per cent), produce an 
increase of the effective residual pulmonary vol- 
ume. Although there is no incontrovertible proof 
(15), this might be expected to produce an in- 
creased negativity of the intrapleural pressure and 
a consequent decrease in the intravascular pres- 
sure. This would not appear to be the sole factor 
involved, however, since respiratory effort ap- 





Ist PERIOD + 2np PERIOD Sao PERIOD 41x PERIOD 
CONTROL FEET UP EXERCISE EXERCISE EXERCISE EXERCISE 


1-9 MIN. [5-19 MIN. 25-29 MIN. 35-39 MIN. 


CHANGE 


PERCENTILE 


» INDICATES STATISTICALLY 
SIGNIFICANT DIFFERENCE FROM 
PRECEDING DETERMINATION 


84 
80 
76 
72 
68 
64 
60 
56 
52 
48 
44 
40 
36 
32 
28 
24 
20 
16 
12 
8 
4 
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Fic. 4. AVERAGE PERCENTILE CHANGE From Controt Data For PULMONARY (Pray) AND BRACHIAL 
Artery (Pay) MEAN Pressures, Tota, Putmonary (Pu.T.R.) anp Estimatep Totat Systemic (E.T. 
P.R.) Reststances, Oxycen Consumption (BMRO,), Minute VENTILATION, Carprac INDEX (C.I.) AND 
Resprratory Rates (R.R.) ror THE 7 PATIENTS IN TABLE I 

Note that there is no significant difference between E.T.P.R. following the first and second exercise pe- 
riods and the cardiac index for the same periods, indicating maintenance of exercise steady state for these 
two modalities, and an absence of steady state of Pu.T.R. (Fisher’s t test, groups less than 30) through- 
out the entire exercise period. There is loss of the steady state for the cardiac index and the E.T.P.R. 
following the third period of exercise. The other data were not analyzed statistically. 
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peared essentially unchanged following the first 
and second periods of exercise, as gauged roughly 
by the respiratory and ventilatory rates. 

2. There seems to be good evidence that in the 
resting basal state not all pulmonary capillaries 
are functional at any given moment (16). A fair 
amount of evidence has also accumulated that pul- 
monary arteriovenous anastomoses exist in mam- 
malian (16-19) lungs, Lilienthal and Riley (16) 
opine that such anastomoses are not functional in 
the resting state, but that a relatively small stimu- 
lus may cause them to open. If this be true, and 
an initial increase in intrathoracic blood volume is 
gradually reversed (the anastomoses and capil- 
laries meantime remaining patent, Reference 19 *), 
pulmonary artery pressure would gradually de- 
crease although a steady state of cardiac output is 
maintained. It is evident from the data herein 
presented that a steady state of cardiac output 
was maintained at the end of the first and second 
exercise periods in 8 of 9 experiments. 

3. Asa result of the increased pulmonary blood 
flow there may occur increased pressure distention 
of the pulmonary vascular bed (20); this may 
conceivably be followed by a progressive decrease 
in intrinsic or neurogenically controlled vascular 
“tone” as a compensatory phenomenon. 

4. Finally, it is not possible to assess the im- 
pression of peripheral arterial changes upon the 
pulmonary artery pressure, in view of the contra- 
dictory evidence relevant to the existence of pul- 
monary-bronchial artery anastomoses in normal 
human lungs (21, 22). While the absence of cor- 
relation between the peripheral and pulmonary 
arterial pressure changes in the present data (Fig- 
ure 4) confirms the original observations of Brad- 
ford and Dean (23), there is no assurance that an 
interplay of forces may not occur. 

Regardless of what compensatory mechanisms 
lead to this adaptation of the cardiopulmonary bed 
to an increased blood flow, it is noteworthy that 
total pulmonary resistance decreased progressively 
throughout the exercise period. While this would 


3 Rahn, Stroud, and Tobin showed by injection of thoro- 
trast through a catheter lodged into a small pulmonary 
artery of the dog, that contrast material appeared in a 
pulmonary vein having bypassed the capillary bed. This 
bypass could be seen to continue after the catheter had 
been partially withdrawn. 
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be expected to occur with progressive increases in 
the cardiac output (24) to a previously estab- 
lished critical limit (1, 5), it is an unexpected 
finding in those situations where the exercise out- 
puts remained steady. Some or all of the mecha- 
nisms discussed above would need to be invoked. 
It is also of interest that the estimated total sys- 
temic resistance, on the other hand, appears to’ be 
predominantly related to the level of the cardiac 
output. This may be taken to indicate that specific 
adaptive mechanisms are operative in the cardio- 
pulmonary bed other than would be reflected in a 
determination of total body vascular resistance, or 
that baroreceptors in the systemic circulation do 
not appear to bear a measurable influence on the 
pulmonary bed. 

It is apparent that in using the term “steady 
state” the exact moieties to which reference is 
made must be defined. Thus while one may speak 
of “steady state” of total body oxygen consump- 
tion and cardiac output during exercise, the same 
concept is not applicable to pulmonary artery pres- 
sure and total pulmonary resistance within the 
time limits and work loads defined in these 
experiments. 

Finally, the minute-to-minute pressure levels 
recorded in these studies reconcile the divergent 
opinions regarding the changes in pulmonary ar- 
tery pressure induced by a degree of exercise in- 
sufficient to increase the pulmonary blood flow 
more than two or three-fold (1, 5) in normal man. 
The data will vary according to variability in pa- 
tients and in methods used—the time of pressure 
sampling, the number of pressure points recorded, 
and, to some critical limit, the amount and dura- 
tion of the imposed work load. It is suggested 
that just as the validity of cardiac output by the 
Fick method is insured by matching duplicate de- 
terminations, the accuracy of reported pressure 
changes should be increased by the recording of 
multiple points for any recorded value and a defi- 
nition of the sampling time. 


SUMMARY AND CONCLUSIONS 


A 39-minute period of mild exercise (850 foot- 
pounds per minute) resulted in the maintenance 
of steady state, as gauged by the oxygen consump- 
tion and cardiac output, for about 23 minutes in 
7 and for at least 13 minutes in 9 of 10 normal 





1148 SALVATORE M. SANCETTA AND LOUIS RAKITA 


subjects. In the tenth subject it was not possible 
to achieve a steady state of exercise response. In 
2 additional subjects steady state was deliberately 
altered by doubling the work load after the 29th 
minute of exercise. 

Pulmonary artery pressure rose rapidly to a 
small degree with the beginning of exercise, but 
generally began to decline after the sixth or 
seventh minute. The decline was progressive to 
the end of the allotted time for exercise, and at 
times pressures fell below the control resting 
levels. In the 2 subjects in whom the work load 
was doubled the decrease was temporarily inter- 
rupted by a second rise, but thereafter a pressure 
decline occurred once again. 

Total pulmonary resistance decreased progres- 
sively throughout the entire exercise period. The 
decrease in resistance occurred both in those situ- 
ations where the cardiac output remained un- 
changed after the establishment of steady exercise 
state, and in those in whom the cardiac output in- 
creased beyond the first established steady level. 

Within the time and work load limits of the re- 


ported experiments it is suggested that whereas 
a reasonable measure of exercise steady state may 
be maintained relevant to the total body oxygen 
consumption and the cardiac output, the same can- 
not be said for the pulmonary artery pressure and 
the total pulmonary resistance. 
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The clinical manifestations of idiopathic pul- 
monary hemosiderosis are well defined, though it 
is a rare disease. The main features are anemia 
in association with recurrent attacks of dyspnea, 
coughing with hemoptysis, cyanosis, fever, and 
tachycardia. Macrophages containing hemosiderin 
are present in the sputum. Radiographic exami- 
nation of the chest during exacerbation shows dif- 
fuse homogeneous opacities or coarse, generalized, 
mottled densities which are usually more striking 
than physical examination would indicate. The 
acute episode usually lasts several days but may 
persist for several weeks. During subsidence the 
radiograph discloses a flecked reticular pattern 
which may subsequently clear completely. After a 
course of several years, the disease usually ends 
with an acute fatal exacerbation. Post mortem 
examination shows the lung parenchyma to be 
markedly engorged with blood; there is no evi- 
dence of primary heart disease. Microscopic ex- 
amination reveals alveoli filled with fresh blood 
and macrophages containing hemosiderin, old 
hemorrhages, and hemosiderin granules in the 
alveolar walls. Analysis of lung tissue shows a 
marked increase of iron. 

Although anemia is frequently the most promi- 
nent finding and may be severe, even in patients 
with little hemoptysis, the mechanism is not well 
defined. The anemia, when persistent, has the 
characteristics of iron deficiency: hypochromasia 
of the erythrocytes, low mean corpuscular hemo- 
globin content, and a low serum iron concentra- 
tion. The cause of the anemia is generally re- 
garded to be blood loss in the lungs, though a few 
authors have believed that the anemia is probably 
hemolytic in nature (1-3). The findings of reticu- 


1 Published in part in the Proceedings of the Society 
for Pediatric Research, June 15, 1955, Quebec, Canada. 
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locytosis, normoblastemia, urobilinogenuria, and 
increased concentration of indirect bilirubin in 
serum are compatible with either intravascular 
destruction of erythrocytes or massive hemorrhage 
within the body. In the latter circumstance, hy- 
perbilirubinemia with urobilinogenuria would be 
due to the resorption of blood pigment derived 
from erythrocyte breakdown. The results of other 
laboratory tests, however, are not indicative of a 
hemolytic mechanism. Neither increased fragility 
of erythrocytes, unequivocally positive direct 
Coombs test, nor spherocytosis, as found in ac- 
quired hemolytic anemias, has been described. 
To investigate the mechanism of the anemia, 
we have performed studies on two patients with 
idiopathic pulmonary hemosiderosis during pe- 
riods of remission and exacerbation. Erythro- 
poiesis and the movement of iron within the body 
were studied with radioactive iron (Fe”*). The 
erythrocyte survival time was determined by the 
Ashby differential agglutination method in one 
subject and by labelling the erythrocytes with 
radioactive sodium chromate (Cr") in the other. 


MATERIALS AND METHODS 


One patient is a four-year-old Negro boy who has had 
signs and symptoms of the disease since the age of two. 
He is the subject of two previous reports (4, 5). The 
other patient is a twenty-nine-year-old male who de- 
veloped symptoms of the disease at the age of twenty- 
two. He has had two periods of remission, each one 
lasting over two-and-a-half years. His clinical course 
is reported elsewhere (6). Both subjects are still living. 

In the literature surveyed, forty-two cases of the dis- 
ease occurred in children (1-5, 7-21), and thirteen in 
adults (6, 22-28). 

The general procedure of the blood and tissue iron 
studies was modeled after the one described by Huff and 
his co-workers (29-31). The following sets of meas- 
urements were made with the patient in a fasting state 
and at bed rest: 
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Blood volume determination. The total blood, eryth- 
rocyte, and plasma volumes were measured by three 
methods. Radioactive phosphorus (P™)-tagged erythro- 
cytes, then Evans Blue dye were injected intravenously. 
Thirty minutes later radioiron was injected, after a sample 
of blood was withdrawn for the Evans Blue dye and P® 
determinations. The details of this procedure have been 
reported (32). Blood samples were taken 5, 15, 30, and 
45 minutes and 1, 2, 3, 6, and 24 hours after the injection 
of radioiron, and the radioactivity per ml. plasma deter- 
mined. The plasma volume is computed by dividing the 
total amount of radioiron injected by the amount of 
radioiron present at zero time in one ml. of plasma. 
The total blood and erythrocyte volumes were calcu- 
lated from the plasma volume and corrected hematocrit. 

The determinations of the total blood, plasma, and 
erythrocyte volumes by the three methods were in good 
agreement. In the calculations, the figure used for the 
plasma volume was the one obtained. using the Fe” 
method; the figure for the erythrocyte volurne was the 
one derived from the P™ labelling method. The number 
used for the total blood volume was the sum of these two 
figures. 

Rate of plasma iron removal (turnover rate). The 
tracer dose of iron was given as protein-bound Fe”, ob- 
tained in the following manner: A ferric ammonium ci- 
trate solution was prepared from radioactive ferric chlo- 
ride by precipitating ferric hydroxide with 6 N ammonium 
hydroxide and heating. The precipitate was separated by 
centrifugation and evaporation almost to dryness. Citric 
acid crystals were added until the precipitate dissolved. 
The pH was adjusted to 7.0 with ammonium hydroxide. 
Isotonic saline solution was added so that the iron con- 
centration was approximately 50 wg. per ml., and the 
solution was autoclaved. It was then incubated 30 min- 
utes with fresh plasma from a normal person. The dose 
of Fe” used was five microcuries for the adult and three 
microcuries for the child, contained in ten ml. of plasma. 
The radioiron was of high specific activity, approximately 
one wc. per ug. The blood obtained at the stated inter- 
vals after injection of iron was centrifuged and three ml. 
of plasma pipetted into a screw-top test tube for radio- 
analysis in a well-type NaI(T1) scintillation counter 
(33). The efficiency for Fe® was 16.4 per cent (364 
counts per minute per 0.001 uc.); the average back- 
ground was 250 counts per minute. Counting rates per 
ml. plasma were plotted versus time on a semilogarithmic 
scale. The fraction of total plasma iron removed each 
hour (K) was determined by dividing the natural loga- 
rithm of two by the time required for the counting rate 
to decrease to half of its initial value. The plasma iron 
turnover rate was calculated in terms of mg. per hour 
per liter of blood volume as follows: 


K X plasma iron (mg. per ml.) X plasma volume (ml.) 
Total blood volume (liters) 





The plasma iron turnover is expressed in terms of mg. 
per hour rather than mg. per day because the plasma 
measurements are actually made over a period of a few 
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hours and one can not be certain that the removal of iron 
from the plasma will remain fixed at this rate during a 
24-hour period. The plasma iron turnover is expressed 
in terms of rate per liter of blood volume because we are 
of the opinion that blood volume is preferable to weight 
as a basis of comparing the plasma iron turnover (nor- 
mally proportional to hemoglobin formation) of infants, 
children, and adults, lean or obese. The serum iron con- 
centration was determined by the method of Kitzes, 
Elvehjem, and Schuette (34) on blood samples obtained 
just before and 4 hours after injection of radioiron. Nor- 
mal values in our laboratory range between 70 and 170 
ug. per 100 ml. serum. 

Net incorporation of Fe™ in erythrocytes. The radio- 
activity of 3 ml. of a lysed erythrocyte solution of each 
blood sample drawn was determined, correcting for de- 
cay. A hematocrit was taken on each blood sample. 
The percentage of the administered dose in the total red 
cell mass was computed using the hematocrit and total 
erythrocyte volume as determined above. 

Body distribution of Fe®. Serial counting rates of 
radioactivity were made externally over representative 
volumes of blood, liver, spleen, bone marrow, and lung 
using a scintillation gamma ray counter. The sites used 
were: over the heart (for whole blood activity) at a 
point just medial and superior to the apex beat, over 
the liver in the central area of dullness at the mid-axillary 
line, over the spleen in the center of percussable dullness, 
and over the upper portion of the sacrum. These sites 
were marked with two per cent gentian violet. Meas- 
urements over tissue sites were made at the same time 
that blood samples were taken for determination of plasma 
and erythrocyte radioactivity. Graphs of the organ dis- 
tribution of the injected radioiron were made by plotting 
the net counts (total counts minus body background 
counts) per minute per microcurie of injected Fe”. All 
counts were corrected for Fe™ decay. It is well to stress 
that in vitro analysis of radioiron is not a strict quanti- 
tative determination, since the counts per minute per 
microcurie injected Fe® vary in accordance with indi- 
vidual body geometry. Nevertheless, the general pattern 
and phase relations of an organ uptake curve is significant 
when compared with the one obtained in a healthy subject. 

Erythrocyte survival time. The standard Ashby dif- 
ferential agglutination method was used to determine the 
life span of erythrocytes in the adult patient. Cr™ was 
used to study erythrocyte survival time in the child. The 
radiochromium, Na,Cr"O,, had a specific activity of 1.3 
me. per mg. The patient’s blood (50 ml.) was collected 
in a small plastic bag containing acid-citrate-dextrose 
solution. Forty uc. of Cr* was added and the blood in- 
cubated at 37°C. for thirty minutes with occasional gentle 
mixing. One-half hour after the Cr™-labelled blood was 
given, samples were drawn, and then 1, 3, 4, 7, 10, 20, 23, 
27 and 56 days later. Three ml. of whole blood was 
hemolyzed with powdered saponin, and the net counts 
per minute determined in the well-type scintillation 
counter. Since Fe®-labelled erythrocytes were also pres- 
ent in the circulation, Cr" and Fe” gamma rays were 
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been expressed as a percentage of the initial Cr™ value 


separated by pulse-height discrimination as previously 
obtained one-half hour (or one day if the activity at that 


reported (33). The efficiency of the counter for Cr™ was 


39.1 per cent (867 counts per minute per 0.001 yc.) ; the 
average background count was 550 counts per minute. 
All counts were corrected for decay. The values have 
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time was higher) after the labelled erythrocyte infusion 
was given. The survival of erythrocyte Cr” was plotted 
on a semilogarithmic scale. 
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RESULTS 
Case 1. (J.C.) 

This 29-year-old patient was in remission dur- 
ing the period of study. He had had no abnormal 
pulmonary signs or symptoms, and no anemia for 
more than one year. 

A, Radioiron studies. The curves for plasma 
iron removal, body distribution of the injected 
Fe**, and net incorporation of Fe*® in the circulat- 
ing erythrocytes are shown in Figures 1, 2, 3, and 
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4. The results are similar to those obtained previ- 


ously in twelve healthy adult men, and agree in 
general with the data reported by Huff and his 
colleagues (30, 31). The pattern was the same in 
healthy children (35). 

In this patient, fifty per cent of the injected 


radioiron left the plasma in 1.17 hours. The 
plasma iron turnover rate was 0.38 mg. per hour 
per liter of blood volume (Figure 1). As radio- 
activity in plasma decreased there was a simultane- 
ous increase in bone marrow. There was no ap- 
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preciable accumulation of radioactivity in spleen or 
liver (Figure 2). The counting rate over sacral 
marrow rose steadily during the four-hour study 
period, remained high for about a day, and then 
began to decrease, reaching the baseline level in 
ten days (Figure 3). As the counting rate over 
bone marrow decreased, there was a simultaneous 
increase over the precordium. This return of 
radioactivity to the blood was determined accu- 
rately by direct measurement of erythrocytes. 
Ninety-three per cent of the injected radioiron was 
incorporated in the erythrocytes in ‘eight days 
(Figure 4). These findings show that a tracer 
amount of iron injected into this patient followed 
the normal metabolic pathway at a normal rate. 

B. Erythrocyte survival studies. Survival of 
the patient’s erythrocytes in a healthy subject and 
survival in the patient of another subject’s eryth- 
rocytes were determined using the Ashby differ- 
ential agglutination technique. Red cells from the 
patient survived in the healthy person approxi- 
mately 102 days (Figure 5), and the red cells of a 
normal donor survived approximately 120 days in 
the patient’s circulation (Figure 6). 


Case 2. (P.M.) 


Two ferrokinetic studies were performed on the 
four-year-old patient. The first study was begun 
when he was asymptomatic. Three months earlier 
he had suffered a mild attack of dyspnea and 
cough associated with a slight increase in hilar 
densities in the chest radiograph, but had had no 
pulmonary symptoms for the preceding two 
months. A mild hypochromic anemia had per- 
sisted. The hemoglobin concentration was 10.7 


PULMONARY HEMOSIDEROSIS (UC) 
(BLOOD GROUP O RH+ M+) 
TRANSFUSED WITH NORMAL SUBJECT 
(BLOOD GROUP O RH+ M-) 


ay 


© 10 20 30 40 50 60 70 80 90 10 110 120 








RED BLOOD CELLS PER mm® «100,000 


DAYS AFTER TRANSFUSION 


Fic. 6. Asupy Survivat or Rep Boop CELLs 


LEONARD APT, MYRON POLLYCOVE, AND J. F. ROSS 


Gm. per 100 ml. blood; the erythrocytes, 4.2 mil- 
lion per cu.mm.; hematocrit, 38 ml. per 100 ml. 
blood. The serum iron concentration was 54 yg. 
per 100 ml. (normal range, 70 to 170 ug. per 100 
ml.). We refer to this period as “remission” be- 
cause there were no symptoms, although the child 
had a mild stationary hypochromic anemia and 
there were slight residual opacities in the chest 
radiograph. 

The second radioiron study was performed 
seven months later, during an exacerbation of the 
illness. The boy had been admitted to the hos- 
pital because of increasing dyspnea, fatigue and 
anorexia. His hemoglobin concentration was 7.9 
Gm. per 100 ml. blood; erythrocyte count, 3.45 
million per cu.mm.; hematocrit, 31 ml. per 100 ml. 
blood; and the reticulocyte count, 9.0 per cent. 
New areas of increased density had appeared in 
the radiograph of the chest. 

Six days after the start of the second study the 
child had another acute attack characterized by 
recurrent dyspnea, cough, and listlessness, with 
additional infiltrations in the lung fields. This oc- 
curred two days after ninety-nine per cent of the 
tracer iron had been incorporated in circulating 
erythrocytes (Figure 10). Similar mild episodes 
recurred during the next month. Measurements 
of radioactivity in the lungs and circulating eryth- 
rocytes were made periodically for 119 days. 

A. Radioiron studies. The curves of the two 
radioiron studies are shown in Figures 7, 8, 9, and 
10. Only the counting rates obtained over the an- 
terior right lung apex are given (Figure 10), for 
they are representative of the other areas. The 
most pronounced opacities occurred in this area 
of the chest roentgenogram. 

During the period of “remission” the plasma 
iron turnover rate was normal (Figure 7). We 
have made the same observation in patients with 
a chronic, static, iron-deficiency anemia. The 
path of tracer iron within the body was normal 
(plasma—bone marrow erythrocytes) but move- 
ment was rapid. The counting rate over the mar- 
row site reached its maximum in about two-and-a- 
half hours (Figure 8). After twenty-four hours 
the marrow site count had already begun to de- 
crease, reaching its depletion level in seven days. 
Maximum incorporation of radioiron into erythro- 
cytes occurred in seven days. There was no sig- 
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nificant increase in radioactivity over the spleen or 
liver sites (Figure 9). 

During the period of exacerbation the initial 
pattern of body distribution of radioiron was nor- 
mal but its movement was extremely rapid. The 
rate of removal of iron from the plasma was ap- 
proximately three times normal (Figure 7). 

Radioiron in the bone marrow reached its maxi- 
mum accumulation within an hour, Subsequently, 
there was a sharp decline of radioactivity in bone 
marrow with a simultaneous rapid increase in cir- 
culating erythrocytes. Ninety-nine per cent of 
the dose appeared in the erythrocytes in four days. 
Finch, Wolff, Rath, and Fluharty (36) also report 
unusually rapid radioiron utilization in patients 
with iron deficiency anemia due to blood loss. Ac- 
cumulation of radioiron in the spleen and liver 
was normal. 

The kinetic pattern of the first study is similar 
to those derived from a study of a group of chil- 
dren with iron-deficiency anemia (35). The pat- 
tern of the second study is compatible with rapid 
erythrocyte regeneration following acute blood 


loss superimposed upon a moderate iron defi- 


ciency anemia pattern. 
In the second study, measurements of radioiron 
distribution in the body were continued during a 
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four-month period of recurring exacerbations. 
The lung area was carefully monitored. Figure 
10 shows a rise in the radioactivity in the lung 
accompanying a simultaneous decrease in the 
radioactivity of circulating erythrocytes. After 
four months only ten per cent of the radioactivity 
remained in circulating erythrocytes. Radioac- 
tivity in the upper lung fields, however, was con- 
siderably greater than it had been initially when 
all of the radioiron was in the blood. During this 
period there was a persistent hypochromic micro- 
cytic anemia (hemoglobin concentration 8 to 9 Gm. 
per 100 ml.; erythrocytes 4.4 million per cu.mm. ; 
reticulocytes 1 to 10 per cent). When the patient 
was given oral iron therapy, the hemoglobin con- 
centration rose to 12 Gm. per 100 ml. blood; he- 
matocrit increased to 42 ml. per 100 ml. blood. 

B. Erythrocyte survival studies. Six weeks 
after the first radioiron study, the boy was read- 
mitted to the hospital because of dyspnea and 
cough. His erythrocytes were labelled with Cr” 
and their time of survival determined. Fifty per 
cent of the Cr” activity was present after twenty- 
three days (normal range of 31 to 39 days). This 
reduction of activity in erythrocytes may be due 
to a decrease in red cell life-span or to hemorrhage. 
A simultaneous progressive decrease of erythro- 
cyte radioiron indicates that hemorrhage is occur- 
ring. Fe®® radioactivity in circulating erythro- 
cytes of patients with stable hemolytic anemias 
remains approximately constant since the radio- 
iron of destroyed erythrocytes is rapidly re-incor- 
porated into new erythrocytes. The radioiron in 
this patient’s blood, however, decreased steadily 
during the period of study. If correction is made 
for the approximate amount of radioiron lost, the 
half-time survival of the Cr®**-labelled erythro- 
cytes is within normal limits (Figure 11). 

A four-day stool urobilinogen excretion study 
was made during the period of “remission” to de- 
termine the hemolytic index. It was 12 mg. of 
urobilinogen per day per 100 Gm. of hemoglobin 
(normal: 11 to 21). 


DISCUSSION 


The detection of relatively large amounts of 
radioactivity over the lung fields four months 
after the injection of radioiron at a time when the 
blood radioactivity was small indicates that eryth- 
rocyte iron was immobilized in the lung paren- 
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chyma. This finding is in agreement with the re- 
sults of the chemical analyses of lungs in fatal 
cases of the disease, where large amounts of hy- 
drolyzable iron have been found in the lungs (2). 
It has been demonstrated by histo-chemicai tech- 
niques that the iron is mainly deposited as hemo- 


siderin in macrophages. The macrophages are 
found within the alveolar spaces and within the 
septal walls. That the iron in the lungs was not 
used for blood regeneration is also substantiated 
by the persistence of a hypochromic anemia which 
continued during the four months of measurement. 
The anemia was subsequently virtually corrected 
by oral iron therapy. In contrast to the avail- 
ability of storage iron for hemoglobin production 
in cases of idiopathic hemochromatosis, much of 
the iron in the hemosiderin deposits of patients 
with idiopathic pulmonary hemosiderosis is not 
available for hemoglobin regeneration. 
Pulmonary deposition of erythrocyte iron con- 
ceivably may be the result of either hemorrhage 
or sequestration of erythrocytes in the lung. The 
abrupt onset and complete cessation of pulmonary 
erythrocyte iron deposition and the relative un- 
availability of the iron for hemoglobin formation 
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are more suggestive of hemorrhage than of a 
hemolytic process. 

The ferrokinetic pattern in the two patients 
described differs in several ways from that en- 
countered in patients with hemolytic anemias 
(e.g., sickle cell anemia, hereditary spherocytosis, 
acute hemolyticanemia) (31,37). The serum iron 
concentration was.low or normal rather than in- 
creased. The maximal net incorporation of radio- 
iron within circulating erythrocytes was within 
normal limits instead of being decreased. There 
were no abnormal accumulations of radioiron in 
the spleens of the two patients with idiopathic 
pulmonary hemosiderosis. This finding is in 
marked contrast with the splenic deposition of 
radioiron always noted in those patients with 
hemolytic anemia possessing an intact spleen. 
These findings together with a normal hemolytic 
index and erythrocyte survival time indicate that 
a significant hemolytic component was not present 
in these patients. 


SUMMARY AND CONCLUSIONS 


Two patients with idiopathic pulmonary hemo- 


siderosis were studied during periods of remission 
and exacerbation to determine the mechanism of 


the anemia. Erythropoiesis and the movement 
of iron within the body was studied with Fe*. 
Serial counting rate measurements were made in 
samples of plasma and erythrocytes, and at sites 
over a representative volume of bone marrow, 
liver, spleen and lung. Erythrocyte survival time 
was determined by labelling with radioactive so- 
dium chromate (Cr®*) and by the Ashby differen- 
tial agglutination method. 

During a period of remission the plasma iron 
turnover and metabolic pathway of radioiron were 
normal in that a) iron was removed from the 
plasma at a normal rate, b) radioiron accumu- 
lated solely in the bone marrow, and c) over 
ninety per cent of the tracer iron appeared in the 
circulating erythrocytes within ten days. The 
survival time of the patient’s erythrocytes in a 
healthy recipient and the life span of a healthy 
donor’s erythrocytes in the patient were normal 
as determined by the Ashby technique. 

The hemolytic index in one patient was normal 
at a time when there was a mild hypochromic 
anemia but no recent pulmonary symptoms. 
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When the radioiron studies were performed dur- 
ing an acute attack the path of radioiron was nor- 
mal but movement was abnormally rapid. The 
plasma iron turnover was approximately triple 
the normal value. A significant rise in the count- 
ing rate over the spleen, a consistent finding in 
hemolytic anemias, was not observed. The sur- 
vival time of the patient’s chromated erythrocytes 
was normal when corrected for blood loss as de- 
termined by progressive decrease in erythrocyte 
radioiron activity. 

In one patient exacerbations recurred after 
erythrocytes were labelled with Fe®*. The relapse 
was associated with a marked rise in the counting 
rate measurements over the lung fields; simul- 
taneously, a corresponding decline in the radioac- 
tivity of the blood was observed. Monitoring over 
the lungs revealed that the counting rates were 
still high after four months, while only ten per 
cent of the original tracer iron concentration re- 
mained in the circulating erythrocytes. Together 
with this redistribution of iron, a hypochromic 
anemia continued until it abated in response to the 
oral administration of iron. 

The studies indicate that: a) during exacerba- 
tion, the excessive plasma iron turnover and iron 
kinetic pattern are characteristic of an iron de- 
ficiency anemia and hemorrhage, but not of he- 
molysis; b) during remission there is no disturb- 
ance in erythropoiesis or erythrocyte survival; 
c) the spleen had no manifest role in the mecha- 
nism of the anemia; d) iron which is lost from the 
circulating blood into the lung parenchyma is 
poorly re-utilized despite a continuing iron de- 
ficiency anemia. 
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Early in the use of certain purified dextran 
solutions as plasma volume expanders in the treat- 
ment of shock in man, it was observed that imme- 
diate type allergic reactions could be produced 
(1-4). The then available clinical dextrans of 
Swedish and British origin had been found to give 
a high incidence of allergic reactions, while a prod- 
uct of American manufacture produced a very 
low incidence (3, 4). The reason for this dif- 


ference remained obscure. 

Studies on the antigenicity of purified dextrans 
showed them to be non-antigenic in the rabbit 
(5, 6) and guinea pig (6), whereas initial injec- 


tion in rats gave an unusual type of allergic reac- 
tion (7-9) characterized by rapid onset of edema 
of the paws and snout. 

Studies by Kabat and Berg (10, 11) which 
were confirmed by Maurer (12) demonstrated 
that highly purified dextrans were antigenic in 
man and that injection of 1 mg. of native or clini- 
cal dextran gave rise to precipitating antibodies 
and resulted in the development of wheal and 
erythema type skin sensitivity. It was further 


1 The data in this paper were presented in reports to 
the National Research Council Subcommittee on Shock 
by Drs. E. A. Kabat, G. M. Turino and A. B. Tarrow in 
January and April, 1952, and by Dr. P. H. Maurer in an 
interim report to the Chief, Research and Development 
Division, Office of the Surgeon General, U. S. Army, 
dated June 1, 1954. 

2 Aided in part by a grant from the William J. Mathe- 
son Commission and the Office of the Surgeon General, 
Department of Army Contract DA-49-007-MD-248 upon 
recommendation of the Subcommittee on Shock of the 
National Research Council. 

8 Work done while Captain, U. S. Air Force Medical 
Corps and Staff member, Division of Medical Sciences, 
National Research Council. Present Address: Depart- 
ment of Medicine, College of Physicians and Surgeons, 
Columbia University, New York, N. Y. 


shown that a significant proportion of individuals 
showed small amounts of precipitating antibody 
to dextran (cf. 13) and wheal and erythema type 
sensitivity before any known deliberate contact 
with dextran. 

In view of the interest in dextran solution as a 
plasma volume expander in the therapy of shock, 
and since the basis of the systemic reactions to 
dextran was not understood, and methods of com- 
mercial manufacture of dextran solution frequently 
failed to yield products which did not produce al- 
lergic reactions, it became important to evaluate 
the possible role of existing skin sensitivity and 
circulating antibody to dextran in relation to sys- 
temic reactions to infusions of dextran in a group 
of normal individuals. A cooperative study spon- 
sored by the Subcommittee on Shock of the Na- 
tional Research Council and the Armed Services 
was undertaken.’ 

Earlier findings (3, 4) were confirmed that the 
incidence of generalized allergic reactions varied 
quite sharply with the type of dextran and manu- 
facturing process used at that time. With a dex- 
tran giving a high incidence of systemic allergic 
reactions on intravenous infusion, a high statisti- 
cal correlation was found between allergic reac- 
tions and initial skin sensitivity to certain native 
dextrans and also between allergic reactions and 
initial circulating precipitin levels as determined 
with certain dextrans. Clinical dextrans gave a 
low incidence of positive skin test reactions, 
whereas native dextrans gave a high incidence of 
positive reactions. Hehre and Neill (cited in Ref- 
erence 2) had noted some positive skin reactions 
to native dextran in man. 

A correlation between the incidence of skin 
sensitivity and the structure of the native dextran 
was also found. From an jnterpretation of the 
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findings, it became possible to define the basis of 
specifications for clinical dextran manufacture 
with respect to selection of Leuconostoc mesen- 
teroides strain, and upper and lower limits of mo- 
lecular size. Adherence to these specifications 
permitted the manufacture of dextran giving a 
negligible incidence of allergic reactions in clinical 
use, 


METHODS 
Materials 


A. Clinical dextrans for infusion were: 
1) Swedish dextran Pharmacia Co. 
Lots 5402Y 
Z 6932 A 
A 8745 C 


Commercial Solvents Corporation dextrans. 
Lot No. 255F4—molecular weight by light scat- 
tering ¢ 
Average, 59,000 
High, 10.6 per cent 175,000 
Low, 12.3 per cent 22,780 
Lot No. 258A7 
Average, 87,800 
High, 11.3 per cent 263,000 
Low, 8.9 per cent 25,700 
NRRL B742 clinical 
Average, 61,000 
High, 7.8 per cent 100,000 
Low, 7.9 per cent 30,000 


Swedish dextran was produced by a strain of L. 
mesenteroides which yielded a native dextran (3079") 
with 88 per cent 1—6-like, 5 per cent 1—>4-like and 7 per 
cent 1—3-like linkages, giving a ratio of 1—6 to non- 
1—6 linkages of 7.5 (14), while the Commercial Sol- 
vents Corporation dextran was prepared from the 
NRRL B512 strain which yielded a dextran contain- 
ing 96 per cent of 1-6 linkages and 4 per cent of 1—3- 
like linkages (15) to give a ratio of 24. Lot 258A7 was 
deliberately prepared to have higher average and upper 
fraction molecular weights than the usual clinical Com- 
mercial Solvents dextran. 

Data supplied by the Pharmacia Company and by Dr. 
S. G. Weissberg of the National Bureau of Standards 
(cf. National Bureau of Standards Report 1160 [1951]) 
indicated that batch 150 had 8.1 per cent, and batch 156 
had 4.0 per cent of material with an intrinsic viscosity 
of 0.395; batch 168 had 5 per cent of material with an 
intrinsic viscosity of 0.364. From the data of Ingelman 
and Halling (16), Dr. Michael Wales found an intrinsic 
viscosity of 0.390 to correspond to a sedimentation con- 
stant of 6.4 or a molecular weight of 210,000 for a com- 
parable Swedish dextran batch 155. On fractionation of 


4 Data supplied by Dr. S. G. Weissberg, National Bu- 
reau of Standards, and Dr. F. Senti, Northern Regional 
Research Laboratory of the Department of Agriculture. 
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a similar batch of Swedish dextran Y5740A which was 
studied by sedimentation equilibrium it was estimated 
that about 0.3 per cent of the material had a molecular 
weight greater than 500,000. Thus the Swedish prepa- 
rations in the study contained appreciable amounts of 
higher molecular weight material than did Commercial 
Solvents dextran lot 255F4. 

B. Dextrans for skin tests: Saline solutions containing 
1 mg. per ml. of native dextrans NRRL B742, B1255, 
B512 from Dr. Allene Jeanes, native Swedish dextran 
3079, clinical Commercial Solvents dextran and those 
Swedish clinical dextrans used above were prepared with 
0.25 per cent phenol as preservative. A solution of 
Leuconostoc protein from an ultrasonically disintegrated 
culture of L. mesenteroides strain D grown on sucrose- 
free media after three passages through dextrose broth, 
was kindly supplied by Dr. Joel Warren of the Army 
Medical Graduate School at Walter Reed Army Medi- 
cal Center, and was prepared for skin testing in a similar 
manner, and used at a concentration of 10 ug. protein per 
ml. (1.6 wg. N per ml.). Phenolized saline was used as 
a control. The nitrogen contents of native dextrans 
NRRL B742, B1255, B512 and native Swedish dextran 
were 0.003, 0.025, 0.004 and 0.05 per cent, respectively ; 
these data are tabulated in references 10 and 11. Clinical 
dextrans are required to have less than 0.016 per cent N to 
be acceptable for use in man. 


Experimental subjects 


Two hundred and seven Air Force inductees, 17 to 26 
years of age, who had never received an infusion of dex- 
tran volunteered for the experiment. From 51 of these 
the routine course of immunization required on induction 
was withheld until after the completion of the study. 
In addition, 33 subjects who had received dextran infu- 
sions from 4 to 23 months previously in earlier studies 
(3, 4) volunteered to receive a second infusion. The 
combined results of the two studies carried out three 
months apart in January and April, 1952, are presented. 


Design of experiment 


Studies were carried out in a ward at the Lackland Air 
Force Base Hospital, San Antonio, Texas, except for a 
small number of the re-infusions which were carried out 
at the Walter Reed Army Medical Center, Washington, 
D. C. Groups of approximately 50 subjects were studied 
at one time. An initial blood sample of 200 ml. was 
taken sterilely. The serum from these bleedings was 
prepared, frozen and shipped to Dr. Paul H. Maurer at 
the University of Pittsburgh by air express. Upon re- 
ceipt of the sera, phenol to 0.25 per cent and merthiolate 
to a concentration of 1: 10,000 were added and the sera 
kept frozen until used. Each subject then received nine 
intracutaneous injections of the various native or clini- 
cal dextrans, Leuconostoc protein, or phenolized saline 
along both arms. The 101 subjects in the first study 
were not skin tested with Leuconostoc protein. Resulting 
wheal and erythema reactions were evaluated 15 to 20 
minutes later and were graded from negative to 4+, 
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based on measurements of the diameter of the wheal and 
erythema reaction. Doubtful reactions were graded =. 
Following the reading of the skin tests, infusion of 
dextran by vein was started; 20 to 30 minutes were re- 
quired for administration of 500 ml. of 6 per cent dex- 
tran. Individuals were observed closely for the appear- 
ance of signs and symptoms of allergic reactions. Symp- 
toms and signs resembled those described in detail by 
Tarrow (4) and others (1-3) and included flushing, 
headache, urticaria and angioneurotic edema, rhinitis, 
lacrimation, tightness of chest, wheezing and pulmonary 
rales, hypotension and syncope on standing, swelling of 
extremities, mausea and vomiting. Systemic reactions 
were classified as mild, moderate or severe depending 
upon the number and severity of the signs and symptoms. 
A conspicous feature of the systemic reaction was that 
a flare-up of the positive skin test sites was frequently 
noted. When systemic reactions appeared rapidly and 
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were of appreciable severity, infusion of dextran was 
discontinued and Benadry!® and/or ephedrine were ad- 
ministered parenterally, as indicated. Subjects remained 
under observation for about 24 hours. Delayed skin reac- 
tions were not studied and only occasional subjects re- 
ported symptoms 18 hours or longer after infusion. 
Tarrow (4) reported pain in joints, abdominal cramps 
and aching shoulders in a small proportion of cases up 
to 24 hours post infusion. One month after infusion a 
second 200-ml. blood sample was taken and processed as 
above. This procedure was also followed with the 33 
individuals who received re-infusions of dextran. This 
group, however, was divided so that half of the 15 indi- 
viduals who had received an earlier infusion of Swedish 
dextran received a second infusion of Swedish dextran 
and the other half received Commercial Solvents dex- 
tran; while all 18 individuals who had previously had 
Commercial Solvents dextran and one who had previ- 


TABLE I 


Relation of skin sonality to intracutaneous injection of various dextrans, 
ic alle 


and systemic a 


rgic reactions on infusion of dextran 








Dextran used for skin test Skin test* 


Systemic reactions 


Negative Positive 





Experiment 1—Infusion Swedish Dextran 


Native Swedish 3079 

NRRL B1255 

NRRL B742 

NRRL B512 (Native Commercial 
Solvents) 


Clinical Swedish 


Clinical Commercial Solvents 


45 26 
5 25 


41 21 
9 30 


24 4 
26 47 
48 44 

2 7 


49 48 
1 3 


49 48 
1 3 


Experiment 2—Infusion Commercial Solvents Dextran 


Native Swedish 3079 

NRRL B1255 

NRRL B742 

NRRL B512 (Native Commercial 
Solvents) 


Clinical Swedish 


Leuconostoc protein 


40 2 
S1 14 


20 2 
71 i4 


10 
81 


63 
28 


82 
9 


10 
81 








+ reactions were tabulated as negative. 
P = 0.002 for x? = 10.0 with one degree of freedom. 
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ously received British dextran, received a second infu- 
sion of Commercial Solvents dextran. 

Quantitative precipitin tests were carried out by the 
Heidelberger and MacPherson (17) micromodification 
of the quantitative precipitin test, using quantities of the 
various native or clinical dextrans (10-12). Although 
3.0 ml. of serum was used for each analysis the results 
are expressed in micrograms of antibody nitrogen per 
ml. of serum. 


RESULTS 


Results as presented are a summary of the find- 
ings. Complete observations on each individual 
and the antibody analyses appear in the reports to 
the National Research Council.* 

Of the 101 individuals who received an infu- 
sion of Swedish dextran, 32 showed mild reactions, 
15 moderate and 4 showed severe reactions. No 
difference in incidence of reactions related to the 
routine Armed Forces immunizations was found. 
Of 100 individuals who received Commercial Sol- 
vents dextran, 12 showed mild reactions and 2 
showed severe reactions. Many of the mild reac- 
tions consisted only of one or two hives. The 
two severe reactions with Commercial Solvents 
dextran occurred in the group of 30 individuals 
who had received Commercial Solvents dextran, 


EXP I- INFUSION SWEDISH DEXTRAN 


WATIVE SWEDISH 40 
‘3079 ‘. WRRL 81255 NRRL 


uk 


LL 


8742 
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lot 258A7 with the higher molecular weight range. 
Of the 7 individuals who received clinical NRRL 
B742 dextran, one showed a mild and one a mod- 
erate reaction. 

Table I shows the incidence of skin sensitivity to 
the various dextrans used for skin tests in indi- 
viduals who showed positive and negative sys- 
temic reactions, 

Figure 1 summarizes the distribution among the 
systemic reactors and non-reactors with respect 
to the severity of the skin test. The degree of the 
systemic reactions is also indicated. It is clearly 
evident from Table I that there is a high degree of 
correlation between systemic allergic reactions to 
infusion of Swedish dextran and previously exist- 
ing skin sensitivity to native Swedish dextran and 
to native dextrans NRRL B1255 and B742. Na- 
tive NRRL B512 and the two clinical dextrans 
gave much lower incidences of initial skin sensi- 
tivity and no correlation with systemic reactions 
was found. 

In the group of individuals who received infu- 
sions of Commercial Solvents dextran, a high 
correlation with pre-existing skin sensitivity to 
clinical Swedish dextran and a moderate correla- 


NRRL 8512 


CLINICAL 
Native Comm Sole SWEDISH 
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DISTRIBUTION OF SKIN TESTS TO VARIOUS DEXTRANS IN RELATION TO SYSTEMIC REACTIONS ON 


SUBSEQUENT INFUSION OF DEXTRAN 
For each dextran the unshaded areas represent the non-reactors and the shaded areas the degree of system reaction 


as indicated. 
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TABLE II 
Distribution of pre-existing skin reactions in individuals studied in experiments 1 and 2 








Experiment 


Dextran number 


Degree of skin sensitivity 
(Number of individuals) 








+ ++ 0 $4++ +444 





Native Swedish 3079 


NRRL Bi255 


NRRL B742 


NRRL BS51i2 


Clinical Swedish 


Leuconostoc protein 


20 9 
52 il 


27 9 
60 23 


42 17 
43 31 


2 
17 


78 10 


6 2 
25 9 
2 

1 





tion to pre-existing skin sensitivity to native Swe- 
dish dextran was found. No significant correla- 
tion could be demonstrated with Leuconostoc pro- 
tein or the other dextrans. The high degree of 
significance with respect to skin sensitivity and al- 
lergic reactions is further illustrated in Figure 1. 
It can be seen that with native Swedish dextran 
3079, NRRL B1255 and NRRL B742, there is a 
striking difference in the distribution of positive 
skin tests among those individuals who showed 
systemic reactions and those who failed to show 
systemic reactions to infusion of Swedish dextran. 
The absence of such a correlation with NRRL 
B512 and with clinical Swedish dextran is evi- 
dent. In the group of subjects infused with Com- 
mercial Solvents dextran, the high degree of cor- 
relation with skin sensitivity to clinical Swedish 
dextran, the lesser correlation with sensitivity to 
native Swedish dextran and the absence of cor- 
relation to Leuconostoc protein, NRRL B742 and 
NRRL B1255 can be seen. 

It is noteworthy that there was a somewhat 
higher incidence of positive skin reactions to na- 
tive Swedish dextran and to NRRL B1255, NRRL 
B512 and to clinical Swedish dextran in the sec- 
ond of the two groups studied. A breakdown of 
the distribution of skin reactions is given in Table 
II for these two experiments. 

It is also of interest that the incidence of positive 
skin tests of individuals before infusion of dextran 
was higher with those native dextrans having a 
higher proportion of non 1-6 linkages. The pro- 


portion of positive skin tests was unrelated to the 
nitrogen content of the native dextrans, B742 with 
the lowest nitrogen giving the highest incidence of 
positive skin reactions. 

Table III summarizes data on the relation be- 
tween systemic allergic reactions and circulating 
precipitins to various dextrans before infusion and 
one month after infusion of dextran. 

In the pre-infusion series with Swedish dex- 
tran, significant correlations between the presence 
of 2 yg. of antibody N or more per ml. precipitable 
by native dextrans NRRL B742, NRRL B512 
and Swedish 3079 were found. In the post-infu- 
sion series significant correlations were found 
with these dextrans and with NRRL B1254. In 
Experiment 2 in which Commercial Solvents dex- 
tran was infused, significant correlations were 
found between systemic reactions and the presence 
of 2 wg. or more of antibody N per ml. precipitable 
by native B512, clinical Commercial Solvents dex- 
tran and clinical Swedish dextran. No correla- 
tion with any dextran appeared in the post-infu- 
sion sera. 

It should be noted that as previously reported 
(10, 11) the quantities of antibody N precipitable 
from a given serum specimen by the various dex- 
trans were not identical, but the dextrans with 
the highest proportion of non 1-6 linkages pre- 
cipitated considerably more antibody than did 
those with fewer non 1-6 linkages. Native dex- 
tran NRRL P742 with the lowest nitrogen con- 
tent precipitated the most antibody of the various 
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TABLE III 


Relation of circulating precipitins to various dextrans before and one month after infusion of dextran and 
allergic reactions encountered on infusion 








Dextran 
used for 
precipitin 
test 


Pre- 
infusion 
precipitin 
level 


Systemic reaction 


Negative Positive 


x 


Precipitin 
levels one 
month post- 
infusion 


Negative Positive 


x? 





Native Swedish 
3079 


NRRL B1254 


NRRL B742 


NRRL BS512 
(Native Commer- 
cial Solvents) 
Clinical Swedish 


Clinical Commer- 
cial Solvents 


Native Swedish 
3079 
NRRL B1254 


NRRL B742 


NRRL B512 
(Native Commer- 
cial Solvents) 


Clinical Swedish 


Clinical Commer- 
cial Solvents 


us. Ab, N/m, 


0-1.9 


2.0 or more 


0-1.9 
2.0 or more 


0-1.9 
2.0 or more 


0-1.9 
2.0 or more 


0-1.9 


2.0 or more 


0-1.9 
2.0 or more 


39 
6 


41 
3 


39 
7 


44 
2 
44 
2 


46 
0 


ug. Ab, N/ml, 


Experiment 1—Infusion Swedish Dextran 


31 
15 


43 
1 


14 
32 


35 
11 
44 

2 


45 
1 


4.0 


26.6 


5.8 


0.046 


0.00004 


0.016 


0-1.9 
2.0 or more 


0-1.9 
2.0 or more 


0-1.9 


2.0 or more 


0-1.9 
2.0 or more 


0-1.4 
2.0 or more 


0-1.9 
2.0 or more 


Experiment 2—Infusion Commercial Solvents Dextran 


0-1.9 
2.0 or more 


0-1.9 
2.0 or more 


0-1.9 
2.0 or more 


0-1.9 
2.0 or more 


0-1.9 


2.0 or more 


0-1.9 
2.0 or more 


60 
28 


54 
32 


27 
59 


57 
31 
75 
12 


86 
2 


2.6 


<0.3 


3.1 


0.11 


0-1.9 
2.0 or more 


0-1.9 
2.0 or more 


0-1.9 
2.0 or more 


0-1.9 


2.0 or more 


0-1.9 
2.0 or more 


0-1.9 
2.0 or more 


0.39 0.53 





native dextrans used. From the nitrogen content, 
moreover, the amounts of protein which could 
have been added in the quantitative precipitin tests 
were so small that any protein-antibody complex 
would have remained in solution. The clinical 
dextrans precipitated much less antibody than did 
the native dextrans. This may be seen in Table 
III, Experiment I, in which for pre-infusion sera 
the proportion of individuals showing two or more 
micrograms antibody N per ml. was 42 per cent 
for B742, 23 per cent for native Swedish 3079, 5 
per cent for native B1254 and 14 per cent for 
native B512, while for clinical Swedish and clini- 
cal Commercial Solvents dextrans the percentages 
were 4 and 1, respectively. In the pre-infusion 


serum samples of Experiment 2, the correspond- 
ing values for the native dextrans were 72, 35, 39 
and 41, while for the clinical dextrans they were 
17 and 6 per cent, respectively. It is especially 
significant that just as the individuals in the sec- 
ond experiment showed an increased incidence of 
positive skin tests so did they show an increased 
level of precipitating antibodies. 

Figure 2 shows a series of scattergrams indi- 
cating the relationship between initial skin sen- 
sitivity and pre-infusion or post-infusion antidex- 
tran levels to B742 with the systemic allergic reac- 
tions experienced. It is evident that individuals 
who showed a high degree of skin sensitivity or a 
high level of pre-existing precipitating antibody 
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tended to have positive systemic allergic reactions. 
The striking difference in the incidence of al- 
lergic reactions on infusion of Swedish dextran as 
compared with Commercial Solvents dextran is 
evident. Moreover, inspection of the upper and 
lower scattergrams with Swedish dextran shows 
a substantial shift toward the appearance of higher 
levels of circulating precipitins one month after 
infusion. On the other hand, the similar compari- 
son of the upper and lower scattergrams obtained 
with Commercial Solvents dextran shows a trend 
toward the existence of lower antidextran levels 
to B742 one month after infusion. Thus it would 
appear that infusion of Swedish clinical dextran 
provoked an anamnestic rise in antidextran level 
one month following infusion, while similar in- 
fusion of Commercial Solvents dextran generally 
had no such effect. Four individuals in the latter 
group showed an anamnestic rise of over 2 yg. of 
antibody N per ml. as compared with fifteen indi- 
viduals in the former group. Twenty individuals 
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in the second experiment showed a decline of 2 
pg. antibody N per ml. or greater, as compared 
with seven individuals in the first experiment. 
Scattergrams similar to those in Figure 2 for na- 
tive Swedish dextran and native Commercial 
Solvents dextran were obtained. 

A group of 33 individuals who had received in- 
fusions either of Swedish dextran or of Commer- 
cial Solvents dextran 4 to 23 months previously 
in the studies of Pulaski, Baker, Tarrow, and 
Amspacher (3, 4) volunteered to undergo skin 
testing and a second infusion of dextran. Table 
IV shows the distribution of skin sensitivity to the 
various dextrans. Comparison of the results in 
Table II for Experiment 2 done at the same time 
shows no essential difference in the incidence of 
skin sensitivity. Quantitative precipitin studies 
on serum taken prior to the second infusion 
showed no significant differences in antibody level 
as compared to the groups which had not been 
previously infused. Table V shows that prior 
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TABLE IV 


Distribution of skin tests prior to re-infusion in 33 individuals previously infused with dextran 








Degree of skin sensitivity 
(Number of individuals) 








Dextran 


a 





Native Swedish 3079 
NRRL B1255 
NRRL B742 

NRRL B512 
Clinical Swedish 
Leuconostoc protein 





infusion of either Swedish or Commercial Sol- 
vents dextran within the time interval studied did 
not result in any enhanced susceptibility to allergic 
reactions on re-infusion of dextran. Three of the 
four positive reactions which resulted on re-in- 
fusion of Swedish dextran were of the same de- 
gree of severity as had previously been noted 
from the first infusion of Swedish dextran. The 
fourth individual showed only one hive from the 
second infusion. 
DISCUSSION 


The results outlined above clearly established 
that it is possible to produce a dextran suitable 
for clinical use which gives a low incidence of 
allergic reactions in a population, a large propor- 
tion of which showed initial skin sensitivity of the 
wheal and erythema type and whose sera contained 


precipitating antibodies to dextran. This prepara- 
tion from a strain of Leuconostoc (NRRL B512) 
yielded a dextran having the lowest incidence of 
non-l->6 linkages (15) and hence was the most 
linear dextran available. Furthermore, in the 
random population native dextran from this strain 
showed the lowest incidence of wheal and erythema 
skin reactions of any of the native dextrans tested. 
With respect to circulating precipitins, however, 
the number of individuals showing two or more 
micrograms of antibody N per ml. was about the 
same for native Swedish, native B512 and native 
B1254 dextrans and these were considerably 
fewer than the number of individuals showing 2 
or more micrograms of antibody N per ml. with 
B742. Partial hydrolysis of Swedish or Com- 
mercial Solvents dextrans to produce a dextran 


TABLE V 


Incidence of adverse systemic reactions to a second infusion of dextran 








Interval 

Initial following 
dextran first 

infusion infusion 


Dextran 
re-infused 


Reactions 
Moderate 


Incidence 
of reactions 





Number of 


individuals Mild Severe 





(months) 
Commercial 43 
Solvents 
Commercial 93 to 23 
Solvents 
Swedish 11 to 21 
English 17 
Swedish 11 to21 


Commercial 
Solvents 
Commercial 
Solvents 
Commercial 
Solvents 
Commercial 
Solvents 
Swedish 


10*:f 
7 


0 0/10 
0 
7t§ 0 
0 
2 


0 

0 0/7 
0 0/7 
0 0/1 
4/8 


0 
0 
0 
0 


1 


8|| 1 1 





* One individual had received two previous infusions of Commercial Solvents dextran, one 11 months and the other 


434 months earlier. 


t One individual had had a severe reaction to the initial infusion of Commercial Solvents dextran. 
t One individual had received two previous infusions of dextran, one of Swedish dextran 12 months and the other 


of Commercial Solvents dextran 11 months earlier. 


§ Two of these individuals had had a severe and a mild reaction on initial infusion of Swedish dextran 134 months 


earlier. 


| 
18, A and 5 months earlier. 


Three of these individuals had had severe, mild and moderate reactions to an initial infusion of Swedish dextran 
The same three individuals experienced similar reactions to re-infusion of dextran. 
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suitable for use as a plasma volume expander pro- 
duced a dramatic reduction in the capacity of the 
material to induce wheal and erythema reactions 
or to precipitate the circulating antidextran in the 
same population (Tables II and III). It is note- 
worthy that the dextran which produced the 
lowest incidence of allergic reactions (CSC 255F4) 
had been sharply fractionated to remove materials 
of high molecular weight, while the dextran which 
gave the high incidence of allergic reactions 
(Swedish) had not been so fractionated and con- 
tained appreciable quantities of materials with 
very high molecular weights. The lot containing 
intermediate-sized material (CSC 258A7) gave 
two severe reactions in thirty individuals tested. 
In an independent study, Kabat and Bezer (18) 
have shown that a substantial decrease in anti- 
genicity of B512 dextran occurs with molecular 
weights below 90,000, and Maurer (12) has re- 
ported definite antigenicity for dextran 258A7 
obtaining levels of about 10 or more yg. antibody 
N per ml. in three of six individuals injected. It 
would then appear that choice of dextran produc- 
ing microorganism, degree of hydrolysis, and ex- 
tent of removal of high molecular weight con- 
stituents are important factors in the manufacture 
of reaction-free dextran. 

The occurrence of precipitins to dextran and of 
initial skin sensitivity to dextran in the population 
raise the question as to the origin of these anti- 
bodies. Since dextran has been shown by Neill, 
Hehre, Sugg, and Jaffe (19, 20) to be a contami- 
nant of commercial sugar, and since these workers 
have isolated dextran-producing organisms from 
the gastrointestinal tract (21, 22), ample op- 
portunity exists for the development of an anti- 
body response. Furthermore, since dextrans are 
known to cross-react with Types II, XII, XX, IX, 
XXII, etc. rabbit and horse antipneumococcal sera 
(19, 20, 23), the precipitable antibody and skin 
sensitivity to dextran in human subjects may theo- 
retically in some instances be attributable to previ- 
ous contact or infection with these organisms. On 
the other hand, Maurer (12) found that immuni- 
zation of humans with dextran did not affect the 
Type II, XII or XX antipolysaccharide levels, 
nor did absorption with Type II, XII, or XX 
pneumococcal polysaccharides reduce the anti- 
dextran level. It is not surprising that a linear 
dextran should give a lower incidence of skin 
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sensitivity than a more highly branched dextran, 
since the latter would possess a multiplicity of 
structures not present in the former and thus 
would increase the probability of its being able to 
react with antibodies produced to the heterogenous 
array of antigenic stimuli encountered at random 
in the human environment. 

Although the data clearly indicate a high statisti- 
cal correlation between initial skin sensitivity to 
native dextrans and systemic allergic reactions, 
there are a sufficient number of exceptions so that 
the single skin test of 10 to 20 micrograms of dex- 
tran was of little prognostic significance in evalu- 
ating the occurrence of allergic reaction in re- 
sponse to injection of *0 Gm. of dextran. This is 
not surprising since a) the nature of the antigen 
to which the initial skin sensitivity developed is 
not known and, in all probability, is not the same 
as that used for skin test and infusion; b) the ra- 
tio of the infused dose to the skin test dose is un- 
usually high, of the order of three million; c) only 
a single skin test dose was used. 

Similar considerations obviously apply to the 
individual cases in which precipitating antibody 
levels and allergic reactions did not run parallel, 
although again a high statistical correlation was 
observed between these levels and allergic reac- 
tions. Thus the capacity of the various dextrans 
to precipitate the multiplicity of antibodies result- 
ing from the unknown antigenic stimuli and the 
necessarily limited capacity to establish optimum 
quantities of dextran for precipitating these anti- 
bodies in the quantitative precipitin studies would 
contribute substantially to such individual varia- 
tions. 

The finding of an anamnestic rise in antibody 
level one month after infusion of Swedish dextran 
in a considerable proportion of individuals while 
no such rise was observed following infusion of 
Commercial Solvents dextran is in accord with 
evidence suggesting that the latter is less anti- 
genic in man, although MacLeod (24) has found 
that the pneumococcus polysaccharides are capable 
of eliciting an anamnestic response in the rabbit 
despite their inability to produce a primary anti- 
body response. 

While the limited re-infusion data indicate that 
dextran may be re-infused up to 23 months fol- 
lowing an initial infusion without difficulty, it is 
obviously impossible to extrapolate to periods be- 
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yond this. The generally lower antigenicity of the 
current commercial preparations of dextran pre- 
pared from the B512 strain according to Ameri- 
can specifications provide additional assurance 
of its probable safety for clinical use. It should 
be emphasized that the Swedish preparations 
herein described were in use in 1951-1952. The 
current preparations of Swedish dextran differ in 
two important respects from these older prepara- 
tions in that they are prepared from the B512 
strain and are more sharply fractionated to re- 
move high molecular weight constituents. 


SUMMARY 


1. A detailed protocol for elucidating the rela- 
tionship between skin sensitivity and precipitating 
antibody in the random population to a carbohy- 
drate antigen and their relation to the occurrence 
of allergic reactions on intravenous administra- 
tion is described. 

2. Significant correlations were established be- 
tween a) initial skin sensitivity to certain native 
dextrans and the occurrence of systemic allergic 
reactions on administration of Swedish dextran ; 
b) the presence in human sera of antibodies spe- 
cifically precipitable by certain dextrans and the 
occurrence of systemic allergic reactions to clinical 
Swedish dextran; c) the structural complexity of 
native dextrans and the incidence of positive skin 
sensitivity in the random population. 

3. Partial hydrolysis of native dextrans to the 
molecular weight range suitable for clinical use 
results in a striking diminution in their capacity 
to produce a positive wheal and erythema reaction 
in man. 

4. Ina population of comparable skin sensitivity 
and antibody levels a preparation of clinical dex- 
tran (Commercial Solvents) was encountered 
which gave a very low incidence of systemic al- 
lergic reactions. This appeared to be correlated 
with the selection of a strain of Leuconostoc 
mesenteroides (NRRL B512) producing a dextran 
with an unusually low proportion of non 1-6 
linkages and with the elimination of materials of 
higher molecular weight range by fractional pre- 
cipitation to give a product with a narrower mo- 
lecular weight distribution. 

5. In a small series of individuals receiving re- 
infusion of both Swedish and Commercial Sol- 
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vents dextran no evidence of increased sensitiza- 
tion was found during an interval of up to 23 
months between the two infusions. 
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URINARY PEPSINOGEN *? 
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H. M. POLLARD 


(From the Department of Internal Medicine, University of Michigan Medical School, Ann 
Arbor, Mich.) 


(Submitted for publication November 12, 1956; accepted March 28, 1957) 


While there appears to be general agreement 
that adrenocortical deficiency results in a reduc- 
tion of gastric secretory activity both in man (1-6) 
and in animals (7-11), no such unanimity of 
opinion exists regarding the effects of increased 
activity of the adrenal cortex on gastric secretion. 
Whereas some studies have shown that the admin- 
istration of ACTH or of adrenocortical steroids 
may increase gastric acid and pepsin secretion (12- 
14), others have failed to show any significant in- 
crease in acid or pepsin output by the stomach 
during the administration of ACTH (15-17) or 
cortisone or hydrocortisone (18, 19). Part of the 
confusion regarding any stimulant effect of in- 
creased adrenocortical activity stems from the use 
of urinary pepsinogen (uropepsin) levels as an in- 
dex of gastric secretion. 

In this study the effects of 8-hour infusions of 
ACTH, hydrocortisone, corticosterone, predniso- 
lone, and aldosterone in normal males on the vol- 
ume, acid, pepsin, and viscosity of gastric juice 
were studied, together with simultaneous meas- 
urements of blood and urinary pepsinogen. These 
results were compared with the effects of infusion 
of the vehicle alone and contrasted to the effects 
of a 4-hour infusion of histamine. The results 
indicate that in general the hormones did not 
produce stimulation of gastric secretion com- 
pared with a known stimulant such as histamine. 

An analysis of changes in urinary pepsinogen 
excretion indicates that the glucocorticoids in- 

1 Presented before the National Meeting of the Ameri- 
can Federation for Clinical Research at Atlantic City, 
May 1, 1955. 
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Public Health Service (RG 4298) (c) and in part by a 
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ate Studies. 


3 Investigator for the Howard Hughes Medical In- 
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crease the excretion of this substance. Further- 
more, urinary pepsinogen has been found to be a 
poor index of gastric secretory activity for reasons 
which are discussed below. 


METHODS 


Sixteen normal adult male students were studied in 
the fasting state. In 15 of these subjects, each experi- 
ment was started between 7 and 8 A.M.; in the other, 
the experiments started at 11 A.M. To serve as a con- 
trol period, the vehicle alone (1 per cent ethyl alcohol, 
2.5 per cent dextrose, and 0.45 per cent NaCl in water) 
was infused for 3 hours, followed for 8 hours by the in- 
fusion of 25 international units of corticotropin (ACTH), 
100 mg. hydrocortisone (F), 100 mg. corticosterone (B), 
25 mg. prednisolone (4-F), or 400 ug. aldosterone in 
1,000 ml. of the vehicle, followed in turn by a further 
2 hours of infusion of vehicle. Thirteen subjects re- 
ceived ACTH; 11, hydrocortisone; 9, corticosterone; and 
13, the vehicle alone. Eight subjects each had all four 
experiments, 2 of these also receiving prednisolone, and 
one of the latter an infusion of aldosterone as well. In 
further experiments on 6 of these subjects and 4 others, 
1.2 mg. histamine base (as the diphosphate) in 500 ml. 
0.9 per cent saline was infused over 4 hours after a 
one-hour control period. 

Gastric tubes were passed either orally or nasally ac- 
cording to the subject’s preference, and the gastric end 
positioned under fluoroscopic control in the proximal 
part of the pyloric antrum at the start of the experiment. 
At the end of each experiment the tube was again checked 
for position, and in no instance had it shifted significantly. 
Continuous aspiration of the stomach was maintained 
through the experiment and supplemented at half-hour 
intervals by hand suction with a syringe. 

The consecutive half-hour samples of gastric juice 
were analyzed for free H* ion by electrometric titration 
to pH 3.3 against 0.1 N NaOH; the samples were then 
refrigerated and at the end of each experiment they were 
centrifuged for 15 minutes at 2,500 rpm and the viscosity 
of the supernate measured immediately at room tem- 
perature by measuring the time taken for a column of 
gastric juice to fall between two fixed points in a straight 
capillary tube (using 0.2 ml. fluid) (15). To deter- 
mine the approximate whanges in mucin concentration 
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which might be responsible for the observed variations 
in viscosity of gastric juice by this method, the viscosity 
of a series of dilutions of hog mucin (Wilson 1701-W) 
in 0.04 N HCl was measured (Figure 1). In order to 
establish the validity of measuring the viscosity of the 
gastric juice by this method, the results of 127 samples 
from some of these experiments were compared with val- 
ues obtained with an Ostwald viscometer (using 3.5 ml. 
fluid) at 37° C. in the same samples. The results, in 
terms of water as unity, were strictly comparable and 
a correlation coefficient gave an ‘r’ value of + 0.88. The 
standard error of 25 replicate measurements of one 
sample was + 0.14 per cent of the mean. The viscosity 
readings were not influenced by centrifugation at 2,500 
rpm for periods ranging from 10 to 50 minutes after the 
initial centrifugation, suggesting that the substances im- 
parting the extra viscosity were in solution. Bile con- 
tamination in the amounts observed had no appreciable 
effect on the viscosity of gastric juice. It should be added 
that the method employed here is not recommended for 
comparing different fluids, but appeared to be adequate 
for the serial determination of the viscosity of gastric 
juice. 

Icteric index and pepsin concentration of the gastric 
juice were measured the next morning, the former by the 
method described for plasma (20), the latter using 2 per 
cent hemoglobin substrate and a 1:50 dilution of gastric 
juice (21). The total eosinophil count, employing a 
phloxine stain, and the plasma pepsinogen (21) content 
of blood samples collected every 2 hours were determined. 
Samples of urine collected overnight before each and 
after most experiments and every 2 hours during each 
experiment were assayed for pepsinogen by the hemoglo- 
bin method (22), modified only by extending the incu- 
bation time to 30 minutes. Urinary 17-hydroxycorti- 
coids (23) were measured in the ACTH experiments 
only. 

Contamination by saliva was reduced by having the 
subjects expectorate at frequent intervals. The icteric 
index of the gastric juice was used as some measure 
of the degree of duodenal regurgitation, in preference 
to continuous drainage of the duodenum by a second 
tube, which would require frequent fluoroscopic control 
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and which of itself may stimulate gastric secretion (24). 
When the acid and pepsin concentrations, respectively, 
were plotted against the icteric index it was found that 
normal duodenal regurgitation had no consistent effect 
on the concentration of either acid or pepsin. The ic- 
teric index was under 8.0 in 96 per cent of samples and 
under 3.0 in 80 per cent of samples in all the experi- 
ments. With this reassurance of the minimal role of 
duodenal regurgitation in neutralizing or diluting the 
gastric juice, all the samples were included in the cal- 
culations regardless of their bile contamination. 

Calculations and statistical methods. In calculating 
the results, both the outputs and the mean concentrations 
of acid and pepsin for each hourly period were derived 
from the consecutive half-hour samples. The mean values 
include all the hourly samples in each 2 or 3-hour period 
in all the subjects. Thus, for 13 experiments 39 samples 
were used to calculate the mean and the standard devia- 
tion (S.D.) in the 3-hour control period and 26 samples 
in each successive 2-hour period. Because of the small 
numbers of figures in the prednisolone and aldosterone 
experiments these means have not been subjected to 
statistical testing. 

To determine the variability in consecutive hourly 
collections of gastric juice volume, acid and pepsin output 
in the 13 vehicle (control) experiments, the coefficient 
of variation for each parameter in each subject was cal- 
culated. The mean (+S.D.) of the coefficients of varia- 
tion for volume was 34 per cent +9 per cent; for pepsin 
output 35 per cent +6 per cent; and for HCI! output 67 
per cent +31 per cent. The greater variability in HCl 
output was due to the relatively large fluctuations in those 
subjects with the lowest output (under 1 mEq. per hr.) ; 
the higher the output, the steadier was the rate of 
secretion. 


RESULTS 


Eosinophil and 17-hydroxycorticoid responses 
(Table I) 


All the subjects given ACTH had an adequate 
adrenocortical response as judged from the rise 


TABLE I 
Effect of intravenous infusions (a) on circulating eosinophils and (b) of ACTH on urinary excretion of 17-hydroxycorticoids 








Control period 
Substance 


During infusion 


After infusion 








infused —3 hr. 0 hr. 0-2 hr. 


—4 hr. 


—6 hr. —8 hr. +2 hr. 43hr. +12 hr. 





(a) Mean total eosinophil count (cells/cu. mm.2-S.D.) 


Vehicle 

ACTH 
Corticosterone 
Hydrocortisone 
Prednisolone 
Aldosterone 


1934100 152+76 
132+ 62 115449 
167+ 49 149+50 
175+ 54 172370 


150+69 


260 235 227 


140164 
55+30 
143479 116474 
50+45 
260 225 151 
286 


120+70 
S+ 6 


155482 
12+ 7 
123+78 124454 
21+33 12+13 16+11 
97 47 


297 269 168 


171+82 
23421 


(b) Mean urinary excretion of 17-hydroxycorticoid (mg./hr.+5S.D.) 


ACTH 
(Overnight 


015+.03) .058+ .07 .082+.11 


3334.23 .7634.53 .961+.61 1.633+.90 


1.501+1.0 .865+.66 .601+.42 
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TABLE Il 


Effect of intravenous infusions on volume of gastric juice 








Mean volume of gastric juice (ml./hr.+S.D.) 





Control 
period 


3 hr. 


During infusion 
—6 hr. 


After infusion 
+2 hr. 





Substance 
infused 


No. of 


studies —8 hr. 


0-2 hr. —4 hr. 





71426 
78+38f 
65+29F 
63+40 


65424 
744+37* 
52+ 16* 
58+35 
78+ 4 


56+ 4 
(4 hr.) 


$4427 
55433 
54+21* 
53229 
48+18 


344 6 
(3 hr.) 


67+30 
53433 
49+18 
5742 


59424 
51+41 
53+19* 
53429 
47+10 37% 1 


29+ 3 30+ 3 
(1 hr.) (2h 


Vehicle 13 
ACTH 13 
Corticosterone 9 
Hydrocortisone 11 
Prednisolone 2 


63+36 
53434 
44+21 
54446 
60+29 
(5 hr.) 
63+ 8 
(4 hr.) 


Aldosterone 1 85+ 2 


10 66+38 


(1hr.) 


Histamine I.V. 


166+51f 


r.) 
225472¢ 201455t 202+94f 





“n-< Yo} apne sep of increase over control period by Student's ‘t’ test. All other differences from control 


tp <0.01/ periods are not significant. 


in 17-hydroxycorticoids and the fall in circulating 
eosinophils. A similar eosinophil response was 
elicited by the administration of hydrocortisone 
and prednisolone. No significant eosinophil 
changes were noted with the vehicle infusions or 
following the administration of corticosterone or 
aldosterone. 


Volume of gastric juice 


Table II details the mean hourly volume of gas- 
tric juice aspirated in the 3-hour control period 
and in each succeeding 2-hour period of the ex- 
periments. The volumes were significantly in- 
creased over the control period in the last 2 hours 
of ACTH infusion and in the succeeding 2 hours, 
as well as during the entire period (except the 
second 2 hours) of the corticosterone infusion and 


in the 2 hours following its infusion. The magni- 
tude of these increases, though statistically sig- 
nificant, did not approach 25 per cent of the in- 
creases noted with histamine. There were no 
significant increases in the volume of gastric se- 
cretion in either the vehicle or in the hydrocor- 
tisone or the prednisolone experiments. 


Output of hydrochloric acid (Table III) 


The output of acid did not change significantly 
from the corresponding control values during the 
infusion of any of the hormones. The only statis- 
tically significant rise in the output of acid oc- 
curred in the 2 hours after the end of the corti- 
costerone infusion. Even in this period, however, 
the actual output of acid was of the same order of 
magnitude as in the corresponding period of the 


TABLE Ill 


Effect of intravenous infusions on gastric output of hydrochloric acid 








Mean gastric output of HCl (mEq./hr.+S.D.) 





Control 
period 


After 


During infusion infusion 





No. of 
studies 


Substance 


infused 3 hr. 0-2 hr. 


—4 hr. —6 hr. —8 hr. +2 hr. 





2.382:2.6 
1.94+2.3 
1.67+1.59 
2.3943.2 
1.35.67 
(5 hr.) 


1.39+1.3 
1.67+2.9 
1.60+1.1 
2.1142.19 
1.05+.33 


1.07+.15 
(1 hr.) 
15.9+6.3f 


Vehicle 

ACTH 
Corticosterone 
Hydrocortisone 
Prednisolone 


Aldosterone 


Histamine 


“(1 hr.) 


2.56+1.29 
3.14+3.06 
2.87+41.8t 
2.48+2.5 


2.14+1.73 
2.5242.52 
2.16+1.2 
2.352.6 
3.02+.54* 


2.87+.40 
(4 hr.) 
21.0+12.0f 


1.74.41.78 
1.82+2.07 
2.04+1.3 
2.17+2.8 
1.72+.97 


1.91+.43 
(3 hr.) 
24.4+10.6f 


2.1822.12 
1.55+1.97 
2.27+1.8 
2.5643.3 
1.0 +.41 


1.23.10 
(2 hr.) 
24.8+8.0t 


3.53+.45f 





= \Significance of increase over control period by Student’s ‘t’ test. Other differences not significant. 
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TABLE IV 
Effect of intravenous infusions on output of gastric pepsin 








Mean output of gastric pepsin (P.U. (thousands) per hour +5S.D.) 





Control 
period 


During infusion After infusion 








Substance 
infused 


No. of 


studies 3 hr. 0-2 hr. 


—4 hr. —6 hr. —8 hr. +2 hr. 





77.7453.9 
52.7427.8 
62.4+24.1 
65.1+37.4 
65+38.9 
(5 hr.) 
59.5+21.6 
(4 hr.) 


61.8431.5 
(1 hr.) 


74.5439 
51.9429 
73.0425.8 
70.6+35.6 
53.5 18.6 


67+1 


(1 hr.) 
214+76t 


Vehicle 13 
ACTH 13 
Corticosterone 9 
Hydrocortisone 11 
Prednisolone 2 


Aldosterone 1 


Histamine 10 


95.8259 
$6.3+31.8 
80.4+ 26.3* 
69.4+41.3 
58.32%24.8 


66+3 


(2 hr.) 
244489 


88.542 
62.0+27.6 
87.8+35.1t 
63.6433.7 
75-+41.4 


77414 


(3 hr.) 
218+78t 


97.1443 
66.6+32.4 
88.4+38f 
61.9+45.6 
89.5+33.6 


108+-36.6 
75.7+34.9F 
102.1+41.6t 
67.2+51 


114+6.4 


(4 hr.) 
257+107t 


111+11 





.05 \ Significance of increase over control period by Student’s ‘t’ test. 
0 


.01{ not statistically significant. 


vehicle experiments. Furthermore, none of the 
mean values of acid output approached 20 per 
cent of the sustained levels during the histamine 
infusion. 


Output of pepsin (Table IV) 


There was a small, progressive increase in the 


output of pepsin in all of the experiments, except 
those in which hydrocortisone was infused. When 
compared with the values during the correspond- 
sing control periods, the pepsin output was sig- 
nificantly increased during the last 6 hours of the 
corticosterone infusion and after the end of the 


All other differences from mean control 


infusions of corticosterone and of ACTH. The 
actual output of pepsin ir. the hormone experi- 
ments, however, was always lower than in the cor- 
responding periods in the vehicle experiments, and 
the absolute increases observed in the hormone 
experiments were never greater than 25 per cent 
of the increases which occurred with the histamine 
infusions. 


The composition of gastric juice 
The over-all secretory activity of the stomach 


as judged by the output of water, acid, and pepsin 
remained substantially unaltered under the in- 


TABLE V 
Effect of intravenous infusions on concentration of hydrogen ion and pepsin in gastric juice 








Control 
period 


During hormone infusion 





Substance aa 
infused 3 hr. 


0-2 hr. 


—4 hr. —6 hr. 





Mean H* concentration (mEq. /liter) 


Vehicle 

ACTH 
Corticosterone 
Hydrocortisone 
Prednisolone 
Aldosterone 


Histamine 


32 
29 
46 
45 
27 


37 41 56 
(1 hr.) (2 hr.) (3 hr.) 
96 110 121 


Mean pepsin concentration (P.U./ml.) 


1,233 1,262 1,430 
1,013 1,018 1,062 
1,418 1,377 1,641 
1,206 1,217 
1,083 1,576 
944 2,200 
(2 hr.) 

936 1,084 


1,639 
1,127 
1,626 
1,200 
1,562 
2,265 


(3 hr.) 
1,085 


Vehicle 

ACTH 
Corticosterone 
Hydrocortisone 
Prednisolone 
Aldosterone 


1,700 
1,067 
1,147 
2,036 
(4 hr.) 


1 hr. 
rary 1,272 


Histamine 1,289 
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TABLE VI 


Effect of intravenous infusions on viscosity of gastric juice 











Mean viscometer readings (seconds +S.D.) (Water 7.35 +0.05 sec.) 





Control 
3 hr. 


Substance 
infused 


After 
infusion 


+2 hr. 


During infusion 
—4 hr. —6 hr. 





0-2 hr. —8 hr. 





8.59+3.2 
8.97+2.2 
8.38.92 
8.67+1.31 
8.50 
8.46 


Vehicle 

ACTH 
Corticosterone 
Hydrocortisone 
Prednisolone 
Aldosterone 


8.06+1.3 
7,714.55 
8.14+.61 
8.08+1.2 


7.68 


8.44+1.6 
7.82+.55T 
7.88+.27* 
8.1341.2 
7.80 
7.92 


8.30+1.4 
7.95+.64* 
7.964.12 7.94+.54 
8.04+1.0 8.55+42.8 
44 8.09 
8.28 


8.05+1.3 
8.15+.69 


8.3241.6 
8.14.75 
8.3541.78 
8.7242.6 
8.47 8. 
8.82 7.92 








\Significance of decrease from control value by Student's ‘t’ test. Other differences not significant. 


fluence of the 8-hour infusion of ACTH or adreno- Concentrations of acid and pepsin (Table V ) 


cortical steroids. However, there were some sig- 
nificant changes in composition of the gastric 


juice. 


11.54 


¢ § 8 


VISCOMETER READINGS 
© 
° 
i 


4 
4. Water (7352.05) 





There was essentially no difference between the 
concentrations of acid in any of the hormone ex- 
periments and in their own control periods or in 





2 


Fic. 1. 


VISCOMETER READINGS OF INCREASING CONCENTRATIONS OF WILSON 


10 % 


4 5 & 7 8 9 
CONCENTRATION OF MUCUS 
Hoe 


StomacH Mucin (1701-W) rv 0.04 N HCt, in tHe Rance or Osservep GASTRIC 


Juice Viscosity 
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Vil 


Effect of intravenous infusions on concentration of pepsinogen in plasma 








Mean pepsinogen concentration (P.U. per 100 ml. +S.D.) 





Control period 
Substance 


After 


During infusion infusion 





infused —3 hr. 0 hr. 


2 hr. 


4 hr. 6 hr. 8 hr. +2 hr. 





Vehicle 

ACTH 
Corticosterone 
Hydrocortisone 
Prednisolone 
Aldosterone 


12.342.4 
12.1+4.9 
12.342.6 
12.1+3.3 


7.5 
7.9 


11.6+-3.0 
12.8+5.0 
13.243,2 
14.542.8 
7.5 
8.1 


12.6 
14.2 
16.7 
11.2 


7.8 
8.7 


+3,2 
+6.2 
+4.7 
+3.8 


13.7+5.4 
12.8+4.8 
13.6+3.0 
12.242.4 
7.1 
9.3 


14.0+5.1 
11.0+5.8 
16.2+7.5 
12.7+2.3 


10.3 


12.8+3.4 
11.7+5.0 
10.5+3.8 
12.4+3.4 
7.1 
8.7 


11.6+3.5 
10.6+5.1 
11.7+5.3 
13.5+5.2 
7.8 
8.9 





the vehicle experiments. With infusion of the 
vehicle alone, the concentration of pepsin tended 
to rise as the experiment progressed. There was a 
persistent but smaller rise in the concentration of 
pepsin with the infusion of corticosterone, and no 
essential changes in concentration with the infu- 
sion of ACTH or of hydrocortisone or predniso- 
lone. The most striking changes occurred with 
the infusion of aldosterone, during which the con- 
centrations of pepsin and acid more than doubled. 
Such an increase in pepsin concentration was not 
observed in any other experiment. 


Viscosity of gastric juice 

The normal viscosity of gastric juice is little 
higher than water (Table VI) but relatively small 
changes in viscosity of the fluid represent, in terms 
of a standard solution of mucin, relatively large 
changes in concentrations of dissolved mucus 
(Figure 1). 

The infusions of vehicle produced no significant 
changes in viscosity compared to the control pe- 
riod. Under the influence of ACTH there was a 
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progressive fall in viscosity which became mani- 
fest in the first 2 hours of infusion, statistically sig- 
nificant by the sixth hour, and highly significant in 
the following 4 hours. There was a general tend- 
ency for the viscosity to fall in the other experi- 
ments, but only in the last 2 hours of the corticos- 
terone infusion was this fall statistically significant. 

In general, the decrease in viscosity, represent- 
ing presumably dissolved mucus, was also ob- 
served in visible mucus. This was especially ob- 
vious with the ACTH infusions, during which 
visible mucus tended to disappear from the gastric 
juice. 


Plasma pepsinogen concentrations 


There was no significant variation in plasma 
pepsinogen concentration in any of the experi- 
ments (Table VII), and all the subjects had levels 
which were well within the normal range (25). 
This stability contrasted with the rather marked 
changes in excretion of pepsinogen in the urine, 
described below. 


VIII 


Effect of intravenous infusions on urinary excretion of pepsinogen 








Mean urinary pepsinogen (P.U./hr.+S.D.) 





During infusion 





No. of 


Substance Overnight Control 
infused studies before 3 hr. 0-2 hr. 


—4 hr. —6 hr. —8 hr. +2 hr. 





115+ 42 
196+112 
1234 58 


Vehicle 

ACTH 
Corticosterone 
Hydrocortisone 
Prednisolone* 
Aldosterone* 


89+64 
153493 
91+56 
101+48 
153 
142 


103+48 
167+92 
137+83 
130+57 
142 
148 


142 
142 


1964 84f 251+165f 


107+ 40 
2434120 
124+ 59 
3794-429f 
182 
98 


1174 73 1234 74 
2434 83 2224108 
186+109 145+ 87 
2484+119t 2554107} 


198 
109 102 


115+ 42 
220+132 
118+ 71 


148+54 
106+73 
171+79 


152 


204 
99 





* Same subject. 


! 4 : 0.01 ; Significance of increase over control period. 


Other differences not significant. 
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LITERS / HOUR PEPSINOGEN CLEARANCE 





2 6 
CONTROL HOURS OF INFUSION CONTROL 


Fic. 2. Mean Errects oF Various INFUSIONS ON THE 
RENAL CLEARANCE OF PEPSINOGEN 


Urinary pepsinogen excretion (Table VIIT) 


The urinary pepsinogen excretion in the vehicle 
experiments remained fairly constant during the 
day, with a slightly lower overnight level. The 
coefficients of variation of the day samples in 12 
vehicle experiments ranged from 1 per cent to 45 
per cent with a mean of 22.8 per cent + 14. There 
was less variation within individuals than between 
individuals, and it was felt that 2-hour sampling 
was accurate enough despite large variations in 
urine volume (26, Table I). 

Under the influence of ACTH there was a rise 
in urinary pepsinogen output within 2 hours, 
reaching a plateau by the sixth hour. No subject 
failed to experience a moderate to large increase 
in pepsinogen excretion under the influence of 
ACTH. With hydrocortisone 2 of the 10 subjects 
had no increase in urinary pepsinogen excretion, 
However, the mean response to the infusions of 
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hydrocortisone was a statistically significant in- 
crease over the control period, from the second 
hour of the hormone infusion until the 2-hour pe- 
riod after the completion of the infusion. With 
corticosterone, 5 of the 9 subjects showed a small 
increase’ in pepsinogen excretion, but the mean 
showed no significant increase for the group over 
the control period. With aldosterone there was 
a drop im urinary pepsinogen excretion, and with 
ptednisolone an increase in the one experiment 
where urinary pepsinogen was measured. The 
effects of hydrocortisone persisted during the 
night after the infusion, whereas the effects of the 
other hormones did not continue for more than 2 
hours after their infusion. 


The clearance of pepsinogen 


The calculated renal clearances of pepsinogen 
indicate, as would be expected from the plasma 
and urinary pepsinogen figures, that hydrocorti- 
sone more than doubled the clearance, and that 
ACTH caused a moderate increase (Figure 2). 


The relation of urinary pepstnogen to glucocorti- 
cotd activity 


Comparison of the output of urinary pepsinogen 
with that of 17-hydroxycorticoids in the ACTH 
experiments showed some association between the 
two (r= +043, n= 55, p< 0.01). Further- 
more, the mean urinary pepsinogen excretion and 
mean total eosinophil counts showed an excellent 
negative linear correlation (r= —0.88, p< 
0.001), (Figure 3). 


Relation of urinary pepsinogen to gastric pepsin 
secretion 


In each experiment on each subject the output 
of pepsinogen in the urine was compared with the 
output of pepsin into the stomach, in three periods 
comprising, respectively, the entire control period 
preceding, the 8 hours during, and the 2 hours 
following the hormone infusion. These data 
(Figure 4) show no correlation between urinary 
pepsinogen excretion and the simultaneous secre- 
tion of pepsin into the stomach. The calculated 
ratios of Gastric pepsin: Urinary pepsinogen for 
these periods showed very wide fluctuations rang- 
ing from 88; 1 to 2,650: 1 with a mean ratio in the 
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control period of 830: 1. Both ACTH and hydro- 
cortisone produced a considerable drop in this 
ratio during the 8 hours of their infusion to a mean 
of 350: 1, because of the increase in urinary pep- 
sinogen out of proportion to any change in gastric 
pepsin secretion. 


DISCUSSION 
Role of adrenal cortex in gastric secretion 


Rowntree and Snell (1) showed that hydro- 
chloric acid secretion was depressed or absent in 
Addison’s disease, and Escamilla and Lisser (2) 
that the same was true in Simmonds’ disease. 
The mechanisms whereby the adrenocortical se- 
cretions maintain normal gastric secretion are not 
clear. The gastric hypofunction in Addison’s dis- 
ease may (4) or may not (3) be associated with 
gastric mucosal atrophy as judged by gastroscopy. 
Secretion in both cases was restored to normal by 
cortisone, with a return to normal of the mucosa 
in the former instance (4). 

In animals there is evidence that both pituitary 
(9) and adrenal insufficiency (7-9) result in im- 
pairment of gastric secretion, and that the decrease 
in pepsin secretion is accompanied by involution 
of the chief cells with loss of ribonucleic acid (8, 
9). Confirmation of this involution, noted histo- 
logically, was obtained by chemical analysis for 
pepsinogen which was decreased in the mucosa of 
the stomachs of adrenalectomized rats (11). Res- 
toration of secretion with adrenal cortex extract 
(7) and of normal synthesis of pepsinogen by cor- 
tisone, corticosterone, hydrocortisone, and desoxy- 
corticosterone, as well as by cortical extract (11), 
indicates the relatively nonspecific steroid require- 
ments of the chief cells for normal function. It 
would thus appear that the adrenocortical secre- 
tions are necessary to maintain both structural 
and functional integrity of the gastric mucosa, 
probably acting in a permissive (6) or trophic 
role. 

On the other hand, the evidence in support of a 
stimulant role for the adrenal cortex in gastric 
secretion is both inadequate and conflicting. Gray 
and his colleagues have claimed such a role for the 
adrenal both in acute (13) and in chronic experi- 
ments (12, 27, 28). In the published evidence 
presented by these authors many of the values for 
gastric juice volume, acid and pepsin are within 
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the limits of fluctuation in the basal state, and 
where significant increases were noted, these were 
usually in the second or third week of sustained 
high adrenocortical activity. The observations of 
these authors are supported by the finding in four 
dogs of a moderate, though inconsistent, increase 
in acid output while the animals were being given 
large doses of ACTH (14), and by unconvincing 
evidence of hypersecretion of acid in Cushing’s 
syndrome (5). Moreover, much of the evidence 
for an increase in gastric secretion produced by 
ACTH and the adrenocortical steroids is indirectly 
derived from the increase in urinary pepsinogen 
excretion under the influence of these hormones 
(27, 28). As has been shown before (15, 29) and 
again in this paper, the rise in urinary pepsinogen 
is not a reflection of similar changes in gastric se- 
cretion. In contrast with the findings of Gray and 
his associates (12, 13, 27, 28), Kirsmer and Ford 
(16) have recently reported that ACTH and cor- 
tisone administration over prolonged periods failed 
to increase gastric secretion in man, and Daven- 
port and Chavré (30) failed to show any stimu- 
lant effects of cortisone on their in vitro prepara- 
tions of mouse stomach. The present results have 
shown no evidence of any significant stimulation of 
the secretion of acid or pepsin by the infusions of 
ACTH, hydrocortisone or corticosterone. In or- 
der to place in their proper physiological pers- 
pective the effects of the hormone infusions on 
gastric secretion, the very pronounced effects of 
intravenous infusions of histamine have been de- 
scribed alongside those of the hormones. It is pos- 
sible that the hormone infusions were too short 
to have caused any great changes in gastric secre- 
tion, though Villarreal, Ganong, and Gray (13) 
have described increases in gastric secretion within 
4 to 6 hours of ACTH administration in dogs. 
Moreover, 5 subjects receiving ACTH-gel for 6 
days (15) showed only small and inconsistent 
changes in gastric secretion, while 4 subjects re- 
ceiving 150 mg. hydrocortisone orally daily for 
20 to 30 days and two others, receiving 100 mg. 
cortisone acetate orally daily for 40 days showed 
no increase in acid or pepsin secretion in basal 
gastric secretion, determined twice weekly (18). 


The composition of gastric juice 


The principal change in the gastric juice ob- 
served in these experiments was a decrease in 
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viscosity in subjects receiving ACTH or corticos- 
terone. Hydrocortisone and prednisolone had 
no significant effect on viscosity. These results 
suggest that the effect of ACTH on viscosity was 
not mediated by hydrocortisone, and may have 
been mediated by corticosterone or by some other 
hormone or contaminant. A similar decrease in 
viscosity has been seen previously with more pro- 
longed ACTH administration in man (15), and 
in dogs receiving ACTH (13). In adrenalecto- 
mized rats the viscosity of gastric juice is much 
increased (17), and hydrocortisone or cortisone 
produce a decrease of stainable mucus on the 
surface and in the pits of the gastric mucosa of 
rats (10). These results suggest an important but 
still unclear role of the adrenal cortex in the regu- 
lation of gastric mucus secretion. 

With regard to the concentration of acid, there 
was no striking effect of ACTH, hydrocortisone 
or corticosterone. The one experiment in which 


aldosterone was given showed a fairly steep in- 
crease in H ion concentration. Of all the experi- 
ments, only the one with aldosterone had a clear- 
cut stimulant effect on the concentration of pepsin 
in the gastric juice. While it would be unwise to 


draw sweeping conclusions from one experiment, 
the data are striking enough to deserve considera- 
tion. We have recently suggested (11) that so- 
dium depletion in rats (in the face of adrenalec- 
tomy) results in gross depression of the synthesis 
of gastric pepsinogen. The apparently marked 
stimulation of gastric pepsin secretion by aldos- 
terone, the most potent of the salt-retaining hor- 
mones, suggests that sodium may well play an im- 
portant part in the secretion of pepsin as well as 
in its synthesis. 

It is not surprising that many of the effects of 
ACTH, notably eosinopenia and urinary pepsino- 
gen increase, were reproduced by hydrocortisone, 
in view of the release of a preponderance of this 
steroid from the human adrenal cortex stimulated 
by ACTH (25). On the other hand, not all of 
the effects of ACTH could be reproduced by hy- 
drocortisone. The fall in gastric juice viscosity, 
for instance, was not observed in the hydrocorti- 
sone experiments, but did occur in the corticos- 
terone experiments. This observation may have 
identified one physiological role for corticosterone 
in man. 
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The control and significance of urinary pepsinogen 
excretion 


This study has confirmed that ACTH invariably 
increases the excretion of urinary pepsinogen and 
that such increases occur within a few hours of the 
start of the ACTH administration. It has also 
indicated that such increases did not reflect simi- 
lar changes in gastric secretion. The evidence 
further shows that the changes observed with 
ACTH were the result of glucocorticoid activity, 
acting principally, if not wholly, on the kidney. 
The significant role of the glucocorticoids in the 
regulation of urinary pepsinogen excretion, found 
in these experiments, is supported by the positive 
correlations between urinary pepsinogen and uri- 
nary 17-hydroxycorticoids in Addison’s disease, in 
Cushing’s syndrome, and during ACTH stimula- 
tion (31). 

The amount of pepsinogen excreted in the urine 
depends on at least three factors (29). Since the 
stomach is the source of urinary pepsinogen, the 
gastric peptic cell mass (21) in part determines 
whether there is none in the urine, as in pernicious 
anemia (32, 33) or an increased amount as in 
duodenal ulcer (32, 33), and especially so in long- 
standing duodenal ulcer (22), where the gastric 
peptic cell mass can reasonably be assumed to be 
increased. 

The second factor involved is the secretion 
gradient of the peptic cells, that is, the proportion 
of the peptic cell pepsinogen which is secreted into 
the stomach, as compared with that passing into 
the blood. We have recently observed two cases 
(15, 34) in which the secretion gradient was re- 
versed and a large proportion of the gastric cell 
pepsinogen passed into the blood and so into the 
urine, resulting in great increases in urinary pep- 
sinogen, while the amount secreted into the stom- 
ach was strikingly reduced. The reasons for and 
mechanisms of this reversal are not known. 

The third factor involved is the renal clearance 
of pepsinogen from the plasma. Under both the 
conditions mentioned above, the clearance of pep- 
sinogen was normal (29) and the increases in uri- 
nary pepsinogen resulted directly from the ele- 
vated levels of plasma pepsinogen. On the other 
hand, the increases related to adrenal glucocorti- 
coid activity occurred with unchanged plasma pep- 
sinogen levels and little or no change in gastric 
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pepsin secretion, and were due entirely to increases 
in pepsinogen clearance by the kidney. 

A high level of urinary pepsinogen may there- 
fore be found with a high, low, or normal amount 
of gastric pepsin secretion, depending on the par- 
ticular set of circumstances under which it is 
measured. Conversely, there may be an increased 
amount of pepsin secreted into the stomach with 
a normal, or, less commonly, a decreased amount 
of pepsinogen excreted into the urine. 

The lack of correlation between gastric pepsin 
and urinary pepsinogen found in this study may 
appear to differ strikingly from the positive cor- 
relation reported by Janowitz and Hollander (32). 
When the normal group included in their report 
is examined alone, however, there is little if any 
direct correlation between urinary and gastric pep- 
sinogen. Their over-all correlation coefficient is 
weighted by the cases with pernicious anemia at 
one extreme and some of the cases with duodenal 
ulcers (increased peptic cell mass) at the other 
extreme. 


SUMMARY 


In 49 experiments on 16 normal subjects, the 
effects of 8-hour intravenous infusions of ACTH, 
corticosterone, hydrocortisone, aldosterone and 
prednisolone on gastric secretion and on plasma 
and urine pepsinogen were compared with values 
found in the preceding 3-hour control period and 
with experiments in which no hormone was in- 
fused. The gastric effects of these hormone in- 
fusions were contrasted with 10 experiments in 
which histamine was infused for 4 hours. 

No changes in concentration or output of acid 
or pepsin could be attributed unequivocally to the 
hormone infusions, except for a doubling of the 
acid and pepsin concentrations during the single 
infusion of aldosterone. The viscosity of the gas- 
tric juice was significantly reduced by ACTH and 
by corticosterone, but not by hydrocortisone, sug- 
gesting one possible role for the corticosterone 
which is secreted by the human adrenal. 

ACTH invariably increased the output of uri- 
nary pepsinogen while the plasma pepsinogen lev- 
els remained unaltered, the increases being due 
entirely to an increased renal clearance of pep- 
sinogen. These effects were reproduced by hy- 
drocortisone and to a much smaller extent by 
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corticosterone, while aldosterone had the opposite 
effect. An excellent negative correlation between 
the mean eosinophil count and the amount of pep- 
sinogen in the urine indicated that the normal vari- 
ations of pepsinogen in the urine were probably 
under control of the glucocorticoids. The reasons 
for the lack of correlation between gastric pepsin 
and urinary pepsinogen lie in the complex and 
ill-understood factors which govern the discharge 
of the enzyme from the gastric cells into the blood 
and in the secondary factors which determine the 
amount of the enzyme cleared from the blood by 
the kidney. 
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Since the work of Cruz (1) and Rhoads, Castle, 
Payne, and Lawson (2) iron deficiency has been 
attributed a pre-eminent role in the causation of 
the anemia associated with hookworm infection. 
At one time or another, however, this anemia has 
been blamed on the effect cf hemolytic “toxins” 
from the hookworm, poor iron absorption, poor 
protein intake, and blood loss, or a combination of 
all or several of these factors. An exact evalua- 
tion of the role of each of these possible causes is 
not feasible until quantitative studies are carried 
out in the human being infected with the human 
hookworm. 

In the present study, quantitative evaluation of 
one of these factors, namely blood loss due to the 
parasite, is attempted. 

The radioactive isotope of chromium Cr** has 
been used for marking red blood cells (3, 4), esti- 
mating their life span and measuring blood vol- 
ume (4,5). Asa preliminary to our investigation 
on intestinal blood loss produced by hookworm, 
we wished to know: 1) How much Cr* is ab- 
sorbed from the intestinal tract when it is intro- 
duced into the stomach or duodenum of normal 
or hookworm infected patients, 2) whether Cr* 
which is absorbed from the intestinal tract enters 
the circulating erythrocytes in significant quanti- 
ties, 3) what proportion of Cr** within the circu- 
lating red blood cells appears daily in the feces 
and urine of non-infected subjects. 

In the present report, it is shown that most of 
the Cr from tagged circulating erythrocytes is 
excreted via the urine, that practically negligible 
amounts of Cr®! introduced into the gastrointes- 
tinal tract are absorbed, and that this absorbed 
Cr®1 does not enter erythrocytes in measurable 


1 This work was supported by a grant from the Creole 
Petroleum Corporation. 


quantities. Furthermore, it appears from this 
study that blood loss, although less than the loss 
due to A. caninum in the dog (6, 7), is probably 
an important factor in the genesis of the anemia 
associated with human hockworm infection.” 


METHODS 


All subjects were hospitalized in the Medical or Surgi- 
cal wards of the Hospital Vargas. Except for patients 
L.M. and J.F. (Table II), the non-infected subjects were 
patients who had been hospitalized for surgery, or for 
local skin conditions. In all subjects in this category, 
feces were free from hookworm ova in at least three 
examinations. Patient L.M. was a 30-year-old woman 
who had had an acute hemorrhage due to placenta previa, 
and was studied from day 13 to day 25 post partum. Pa- 
tient J.F. had acute leukemia. 

Tagging of circulating erythrocytes. Approximately 
20 ml. of blood was taken from the antecubital vein and 
introduced into a sterile bottle containing 3 ml. of A.C.D. 
solution and approximately 80 microcuries of Cr". The 
mixture was incubated at 37° C. and gently shaken every 
five minutes. The blood was then washed three times 
with 0.9 per cent saline solution in experiments in which 
intestinal absorption was studied, or reintroduced into 
the patient’s circulation without further washing in the 
studies of Cr™ excretion from circulating erythrocytes. 

Study of Cr™ absorption from the gastrointestinal tract. 
The washed erythrocytes were resuspended in 5 per 
cent dextrose. A Levine tube was placed in the patient’s 
duodenum, under fluoroscopic control, and exactly 10 ml. 
of the suspension was introduced through the tube by 
gravity with a volumetric pipette, followed by six suc- 
cessive washings with 10 ml. of the diluting fluid. After 
thorough cleaning and decontamination of the pipette, a 
standard was prepared for each patient with the same 


2A preliminary note on this work has appeared (8). 
The discrepancies between the figures in the note and 
those in the present communication are due to the fact 
that at the time it was not realized that five of the cases 
were mixed Ancylostoma-Necator infections. 

3 From Abbott Laboratories, Oak Ridge, Tennessee. 
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pipette and in the same way used for intraduodenal ad- 
ministration and the washings were diluted up to 500 or 
1,000 ml. with water. For the experiments in which so- 
dium radio chromate in water was used, the dissolved 
radioactive substance was measured out volumetrically 
in a glass. The solution was then drunk by the patient, 
followed by six successive rinsings. Stools, 24-hour 
urine and venous blood were obtained daily, the radio- 
activity determined, and compared to radioactivity in the 
standard. The results were expressed in terms of per 
cent of the administered Cr”, except for the activity of 
blood, in which results were expressed in terms of counts 
per minute per ml. of blood. Measurements were car- 
ried out until no more activity appeared in the feces. 

Study of excretion of Cr” from tagged circulating eryth- 
rocytes. After waiting for a period of at least four days 
after tagging of the circulating erythrocytes, stool and 
urine collections were begun. Stools were obtained in 
four-day periods in wide mouthed jars lined with alumi- 
num foil into which the patients defecated directly. The 
stools were weighed to the nearest gram and homogenized 
in a Waring blendor with measured quantities of water. 
An aliquot of the homogenate was introduced with a spe- 
cial applicator into the bottom of a test tube, so that the 
upper level of the sample reached approximately a 3-ml. 
calibrated mark on the tube. The fecal sample was 
weighed by difference to the nearest 0.1 mg. and the re- 
sult corrected for the proportion of water introduced in 
the stool. The radioactivity of the fecal aliquot was com- 
pared to that of 3 ml. of blood obtained from the patient 
at the start of the collection period, four days previously. 
The results were expressed in terms of ml. of blood with 
a radioactivity equivalent to that found in the stools dur- 
ing the period of study. This value was obtained, for a 
four-day period, by the formula: 


R, XQ _ 
Ry X4 . (1) 
in which, 

R, = Radioactivity in the four-day stool in counts per 
minute per,gram of stool. 

Ry = Radioactivity in the blood of the same patient 
obtained at the beginning of the four-day stool 
collection in counts per minute per ml. of blood. 

4. .Q = Quantity,of stool in the four-day period, in grams. 
B = Quantity of blood in ml. which contains the 
amount of radioactivity found in the stools in 24 

hours. 


The average of the studies from three such four-day 
periods is given for each subject. Patient J.F. (Table II) 
was studied, of necessity, in a somewhat different manner, 
his circulating erythrocytes having been tagged on day 
0. and steol collections begun on day 4. As the patient 
was in poor condition and ate little, no feces were passed 
until day 10, shortly before death. At autopsy, performed 
24 hours later, the contents of the small intestine and 
colon were collected and their radioactivity determined. 
It was reasoned that the total amount of radioactivity 
present in the feces, small intestine and colon represented 
the total amount of Cr® which had been excreted into 
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the gastrointestinal tract since stool collections had 
begun. 

The use of the blood radioactivity at the start of a four- 
day period of stool collection as a standard for com- 
paring with stool radioactivity during the subsequent 
four days was to some extent arbitrary. Ideally, the 
standard blood value to compare with fecal radioac- 
tivity should be the average blood radioactivity during the 
time in which Cr™ present in the four-day stools is be- 
ing excreted into the intestinal tract. This would imply 
a knowledge of the intestinal transit time for each indi- 
vidual patient during the time of experiment and intesti- 
nal site at which Cr™ is being excreted. As it was not 
possible to obtain this value, the above compromise was 
used. 

Urine radioactivity was measured in 3 ml. of undiluted 
urine, and the activity compared to that in 3 ml. of blood 
obtained on the same day. The results were expressed 
as for the stools. Urine was collected in three 24-hour 
samples and the results given are the average of three 
determinations. 

Plasma volume was measured by the Evans blue 
method (9) and the blood volume calculated from the 
venous hematocrit multiplied by 0.9 (10), to correct for 
differences between venous and body hematocrit. The 
hematocrit was obtained by centrifuging the blood for 
30 minutes at 3,000 revolutions. No correction for trapped 
plasma was used. Thus the value B, in formula (1) 
could be expressed in terms of per cent of the blood mass 
which contains the amount of radioactivity found in the 
stools in 24 hours. 

Measurement of radioactivity. Radioactivity was de- 
termined in a well-type scintillation counter (Nuclear, 
model 3037-B). By mixing a water solution of radio- 
active sodium chromate of known radioactivity with stools 
of varying consistency, it was repeatedly shown that un- 
der the present experimental conditions there was no 
significant self-absorption. In Table I are shown the 
results of such an experiment; approximately 0.9 uc. of 
Cr™ was mixed with 1,000 ml. of water; a specimen of 
non-radioactive hard feces was chosen and mixed with 
chromated water in the proportions, by weight, shown 
in Table 1. As may be seen, only when feces were 
mixed with water in proportion 2:1 was there any 
apparent reduction of the expected count, by 2.7 per 


TABLE I 


Effect on measured radioactit ity of mixing Cr* in 
water with hard feces 








Radioactivity 
Cr® in 
feces 


Radioactivity 
rin 
water alone 


Dilution 
Cr® in 
water/feces 


% 
Difference 





c.p.m./ml. of 
water 
6,866 
7,056 
7,149 
7,177 


c.b.m./ml. of 
water 
7,058 
7,058 
7,058 
7,058 
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cent. In these experiments, a minimum of 20,000 counts 
was determined. In all other dilutions, and in experi- 
ments in which semi-soft, normal stools were used, there 
was no detectable self-absorption. Consequently, in our 
studies of fecal radioactivity, when a hard stool was ob- 
tained, a dilution of at least 1: 1 was used. 

For the sake of convenience, the quantity of blood in 
ml, which contains the amount of radioactivity found in 
the stools or in the urine in 24 hours is expressed here- 
after as “ml. of blood per 24 hours” in the stools and in 
the urine, respectively. A minimum of 6400 counts was 
measured on each sample. 

Studies on hookworm-infected subjects. All subjects 
in this study were also hospitalized in the wards of the 
Hospital Vargas. Most of the patients with moderate 
or no anemia had been hospitalized for different un- 
related complaints and were found incidentally to pass 
hookworm ova in their feces. Those with marked ane- 
mia came in with complaints related to the anemia. 

Stool collections, marking of the circulating erythro- 
cytes and determination of radioactivity were done as 
for non-infected patients. Hemoglobin was determined 
by the cyanomethemoglobin method (11). Ova counts 
were done by the method of Caldwell and Caldwell (12). 

At the end of the initial 12-day stool study,* each pa- 
tient was given 3 ml. of tetrachlorethylene by mouth, fol- 
lowed in two to three hours by a magnesium sulphate 
cathartic. During the ensuing days, stools were collected 
in 24-hour periods and washed repeatedly with tap water 
in a fine-meshed cloth bag until a thoroughly homo- 
genized residue was obtained. The hookworms were 
then sought and picked out individually until no more 
worms could be found. The worms were placed in 70 
per cent alcohol or 10 per cent formalin solution in a 
test tube. In some of the cases, the test tube was placed 
in the well-type scintillation detector and radioactivity 
determined. Stools were collected until they were found 
to be free from hookworms. Stool radioactivity was 
again studied during three successive four-day periods. 

After gentle and thorough shaking of the hookworms 
in the test tube to insure uniform distribution, a repre- 
sentative sample of at least 100 worms was examined 
(or the whole sample when there were less than 100 
worms). Each worm was cleared in creosote under a 
coverslip and identified under the microscope. Although 
it has been thought that Ancylostoma duodenale infection 
did not exist in Venezuela (13), five of the 20 cases ex- 
amined were found to harbor this parasite, along with 
Necator americanus (14), 

In some patients, in whom a good number of ova 
remained after the first vermifuge, tetrachlorethylene was 
administered a second time, and a third twelve-day study 
period was carried out. 

The blood was “marked” again when radioactivity de- 
creased below 100 counts per mirute per ml. above back- 
ground. The quantity of blood lost per hookworm per 


4 Except on patient 1, who was studied for six days 
only because of his poor condition. 


day was calculated from 


A-B 
H=—y (2) 
in which 

A = Average amount of blood in the stool in ml. per 
day, determined from a 12-day study period before 
the administration of vermifuge. 

B = Average amount of blood in the stool in ml. per 
day determined in the same way after the admin- 
istration of tetrachlorethylene. 

N = Number of hookworms recovered from the stools 
after the vermifuge given between periods A and B. 


In order to attempt to establish a relationship between 
oviposition and blood-sucking activity of the worms, the 
blood loss per one hundred thousand ova per day was 
similarly calculated. 

Since there were no pure Ancylostoma infections, a rough 
estimate of the blood loss occasioned by Ancylostoma was 
attempted by assuming that the Necator present were 
responsible for an intestinal blood loss calculated from the 
average found in pure Necator infections. Then, 


— 100 By — (3.11 X 10-? NH) 


Be AH 





in which 

B, = Blood loss per Ancylostoma, in ml. per day. 

B,; = Total blood loss due to hookworms (Necator + 
Ancylostoma) as calculated by formula (2). 

3.11 X 10-* = Average blood lost per Necator (Table 
VI) in ml. per day. 

N = Per cent Necator in the sample studied. 

A = Per cent Ancylostoma in the sample studied. 

H = Total number of hookworms (Necator + Ancylos- 
toma) recovered. 


An estimate of iron lost into the gastrointestinal tract 
was made by applying the formula: 


On = Hb xB x 3.40 
re = — — 


in which 


Qre = Mg. of iron lost per day into the gastrointestinal 
tract. 
Hb = Blood hemoglobin in Gm. per 100 ml. 
B = MI. of blood lost per day in the intestine. 
3.40 = Mg. of iron per Gm. of hemoglobin. 


Gastrointestinal studies, including X-ray visualization 
of esophagus, stomach, duodenum, small intestine and 
colon, and sigmoidoscopy were performed on patients 1 to 6, 
11, 14, and 21. These revealed no source of bleeding. 
Patient 9 was autopsied and no source of bleeding other 
than hookworm infection was found. 


RESULTS 


The results are shown in Tables II to VII. In 
Tables ITI and IV, blood radioactivity is not tabu- 
lated, since in all cases except one it was not above 
background. In the case of M.P., Table IV, the 
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TABLE II 
Fecal and urinary excretion of Cr®™ tagged onto erythrocytes in non-infected patients 








Diagnosis 


Feces 


Urine 





ml, of blood/ 
day 


Cutaneous 0.71 


leishmaniasis 


tas 


> 


%o Bw Se Ey Ey 


Chromoblasto- 1.05 


mycosis 
Cutaneous 1.76 
leishmaniasis 


— 


1.04 


— 


Erythema induratum 
(Bazin) 


1.54 


a 


Bronchopneumonia 
(cured) 

Chronic chole- 0.28 
cystitis 

Erythema 2.14 
multiforme 

Cutaneous 1.79 
leishmaniasis 

Placenta previa- 0.42 

acute hemorrhage 
J.F. 1.98 
M 


Acute leukemia 


1.27 


0.28 
2.14 


Average 


Range 


% of blood 
mass/day 


1.22 X 107? 


ml. of blood/ % of blood 
day mass/day 


24.85 0.43 


2.03 X 107% 38.80 0.75 


5.74 X 107 49.09 


2.01 X 107° 32.91 


3.45 X 107? 28.33 


37.53 


6.72 X 107? 28.30 


4.50 K 107 26.82 


3.67 X 107% 33.33 


24.85 
49.09 


0.77 


0.43 
1.40 


6 
.22 X 10% 
7 


1 
6.72 X 107? 





blood counted consistently 14 counts per min. per 
ml. above background throughout the period of 
study. In Table V, the patients are arranged ac- 
cording to the quantity of blood loss, which is 
roughly that of decreasing severity of infection, 
as judged from the total number of hookworms 
recovered and the ova remaining in the stools after 
vermifugation. In column 1 are shown the aver- 
age of the first three ova counts in each patient. 
In column 2, the number of hookworms is the 
total number recovered after one or two vermi- 
fuges. In patients 9, 10, 12 and 21, recovery of 
the hookworms was not attempted. Column 3 
shows the blood hemoglobin value upon admission 
to hospital and column 4 at the time of study. 
When values in columns 3 and 4 coincide, the pa- 
tient was studied approximately during the first 
two weeks after admission, and the two similar 
values are one and the same determination. In 
column 5, the values represent the average of 
three successive four-day fecal samples. In pa- 


tients 7, 10, 11, 13, 14, 15, 17 and 19, blood loss 
was not studied on admission, but only after partial 
recovery from anemia or, in case 8, after reduction 
of the blood hemoglobin, presumably because of 
bleeding due to hookworms. In Table VI, the 
number of hookworms is that recovered after the 
first vermifuge only, between periods A and B. 
In the column marked “patient” the numbers 1 
and 2 in parentheses indicate two different studies 
in the same patient, before and after the first 
vermifuge, and before and after the second vermi- 
fuge, respectively. Thus there are fourteen stud- 
ies in twelve patients. 


DISCUSSION 


Owen, Bollman and Grindlay (15) have shown 
in two dogs that most of the Cr®™ tagged onto 
erythrocytes introduced into the stomach of these 
animals is recovered in the feces, and that most 
of the excreted radioactivity from Cr** in circu- 
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lating erythrocytes appeared in the urine. In 
this respect, man seems to be similar to dog. 
On the other hand, in one dog who was given 
an aqueous solution of radiochromate by stom- 
ach tube, nearly half of the Cr®* was absorbed, 
whereas in our four subjects (Table IV) there 
seemed to be very little absorption of Cr®* under 
the same conditions. It has been suggested (15) 
that marking circulating erythrocytes with Cr®™ 
and studying stool and blood radioactivity com- 
paratively would be a means of determining the 
exact quantity of blood loss from gastrointestinal 
lesions. The same authors later reported two 
studies of intestinal bleeding in human patients 
(16), but they do not appear to have determined 
previously Cr** excretion and absorption in the 
human. From our findings (Tables II, III and 
IV), it would seem that the method is a valid 
one in the human, since only negligible amounts 
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of circulating Cr** bound to erythrocytes (average 
1.27 ml. of “blood” per day) are excreted in the 
feces (Table II) and since most of the radioac- 
tivity administered into the duodenum or stomach 
is recovered in the feces (Tables III and IV). 
Indeed, there seems to be little absorption of Cr** 
even if this substance is given by mouth, either 
tagged on red cells or as sodium chromate in water 
(Table IV). It was felt that patient M.P. (Table 
IV) failed to collect feces on day 3, and that this 
accounted for the relatively low fecal recovery of 
59.2 per cent, since the missing radioactivity was 
not recovered in the urine and since blood radio- 
activity was never above background in this 
patient. 

Patients with marked anemia did not seem to 
differ from patients without anemia either with 
respect to intestinal absorption of Cr®* (Table ITI, 
patients M.R., J.V., and A.G.) or with respect 


TABLE III 
Per cent recovery in feces and urine of red-cell-attached Cr* introduced into the duodenum 








Per cent recovery* 





Patient 
Sex 
Prese 


Day after administration 





Excretum 
studied 


nce of 
hookworm 
infection 


Blood 
hemoglobin 


Cumulative 
6 total 





Gm./100 ml. 
15.4 Feces 


Urine 


A. R. 


Feces 
Urine 


Feces 


Feces 
Urine 


Feces 
Urine 


Feces 
Urine 


Feces 
Urine 


Feces 
Urine 


11.5 


J.J.M. 
M 


yes 


Feces 


Average 
Urine 


0.8 90.8 


0 97.6 


2.1 
Not studied 





*0 = no radioactivity present in sample; — = no feces obtained. 
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TABLE IV 
Per cent recovery in feces and urine of Cr®™ given by mouth 








Per cent recoveryt 


Blood Substance Day 
hemo- adminis- Excretum Cumulative 
globin tered* studied 5 7 to 13 14 total 











Gm./100 ml. 
10.1 W Feces 


Urine 


W Feces 
Urine 


Feces 
Urine 


Feces 
Urine 
no 


S. B. 5. Feces 
M Urine 
yes 

B. M. : 4 Feces 
M Urine 


yes 





*W = Aqueous solution of sodium chromate; E = Chromium-tagged, washed erythrocytes. 
+t 0 = No radioactivity present in sample; — = No feces obtained. 


to fecal excretion of Cr** (Table II, patients L.M.  trointestinal tract usually appears during the first 
and J. F.). 24 hours after administration of the radioactive 

Most of the radioactivity which escapes into material. Whether this means that absorption 
the urine when Cr* is administered into the gas- from the upper gastrointestinal tract is greater 


TABLE V 
Intestinal blood and iron loss in patients with hookworm infection 








Column number 1 2 3 4 5 6 
Total Blood hemoglobin 
no. of Fecal Calculated 
Hookworm hookworms On At time blood iron 
Patient Age Sex ova recovered admission of study loss loss 








1,000/day (Gm./100 ml.) ml./day 
8,714 3,534 251.5 
2,983 3,043 99.3 
6,748 1,641 92.0 
1,639 1,121 65.0 
1,708 1,684 57.2 
3,281 840 56.1 
1,824 258 
3,511 502 
583 
2,154 


* 


24 
18 


= 


* 


* 
— 


_ 
SCONIAU SEWN 
_ 


447 
440 


00 DGS BO S Go Ge 90 IG BD 
- 


S "ZS SSS ™ZSSSSS™=ESSR™ 

- Pe PRAM ON NAC ON OO OO~10 

a ee ee _ 

00 Hm Go Ge Ga 1 0 Qh Ch ST 00 00 1 OND 

KK POR DACOCHLNHUO OK FOO DKHASO 
— 

te mee Bee ND Gd G9 CD Ce CAO ADO ONTO OS: 

NE QIO TH WOK FOANMWNAUIE 


— i et et ee 
BO BS Cod he AF NTN OO ENO ON S 
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* Mixed Ancylostoma duodenale-Necator americanus infection. 





USE OF CR°! IN MEASUREMENT OF INTESTINAL BLOOD LOSS 


1189 


TABLE VI 


Fecal blood loss 


period* Number of 


Necator 


Patient recovered 


2,586 
457 
1,641 
1,023 
98 


840 
417 
609 
189 
509 
109 

80 

67 


MPOSFR Fr OSOMRMANMWOos 


Go tn bo Go SB iB Cw 
NTA WUD Ww WTA DH 


Average 
Range 
Standard deviation 


Necator ova 
period 


A B 


Blood 


loss 


- Blood 
loss 


ml./10* ova/ 
day 
1.38 
2.11 
1.41 
3.81 
2.40 
1.53 
1.40 
3.73 


1.22 
0.57 


ml. X10~2/ 
thousand/day Necator/day 
2,983 379 

379 75 
6,748 
1,639 
147 
1,708 
3,281 
440 


482 
1,060 
421 
160 
38 


Onn Oo tom eee 


_ 
He 
cow 
oes ; 
a oe 
=D ee 


* A = Study shortly before vermifuge; B = Study after 


than from the lower bowel cannot be decided but 
appears quite possible. It is improbable that this 
radioactivity should represent Cr** which re- 
mained suspended outside the injected erythro- 
cytes, since the cells were washed three times be- 
fore being administered by mouth or stomach tube, 
and since absorption of radiochromate, when 
given in water, although apparently significant is 
also small (Table IV). 

Except in one case, there was no detectable 
radioactivity in the erythrocytes of patients given 
Cr®! into their intestinal tract. It would seem, 
then, that what little Cr°* is absorbed does not 
tag the circulating erythrocytes. 

From these studies it appears that, within cer- 
tain limits, measurement of fecal radioactivity 
and its comparison with blood radioactivity are 


vermifuge. 


valid ways of estimating the amount of blood lost 
into the gastrointestinal tract through a bleeding 
lesion, in patients whose erythrocytes have been 
marked with Cr**. On the other hand, while 
studies with radioactive chromium tell us fairly 
accurately the amount of blood which is lost into 
the gastrointestinal tract, they give us no informa- 
tion regarding possible reabsorption of the various 
blood elements from the intestinal lumen. 


The total loss of blood and iron per patient 


The total blood loss per day may be considerable 
(Table V), and is roughly proportional to the 
intensity of infection. To obtain a more exact 
value in the column indicating fecal blood loss 
(Table V), one would have to subtract as a 
“blank” the small quantity of Cr®* which would 


TABLE VII 


Estimate of blood loss in Ancylostoma duodenale infection 








Probable 
blood loss 
due to 
Necator 


No. of 
Necator 


Blood 


Patient loss* 


Probable 
blood loss 
due to 
Ancylostoma 


Probable 
blood 
No. of 
Ancylostoma 


loss per 
Ancylostoma 





ml./day 
64.18 
40.07 
29.70 
16.72 
2.09 


2,987 
76 
453 
327 
53 


1 
4 
8 
1 
4 


* Calculated from formula (1). 


ml./day 
92.90 ? 
2.36 
14.09 
10.17 
1.65 


ml./day ml. X107*/day 
124 
182 
49 

32 

9 


. 
20.72 
31.86 
20.47 

4.89 


37.71 
15.61 
6.55 
0.44 
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be excreted by the individual under study if he 
were not infected by hookworm. Such a “blank,” 
however, appears to be quite variable from patient 
to patient (Table II) and using the average fecal 
Cr®* found for the 10 non-infected subjects as 
“blank” does not appear justified. 

In patients 1, 2, 3, 4, and 6 who entered the 
hospital in poor condition, with a low blood hemo- 
globin, blood loss soon after admission (Table V, 
column 5) was distinctly greater than after they 
had been treated with iron and diet, or transfu- 
These patients will be reported elsewhere 
Conversely, some patients 


sions. 
in more detail (17). 
with a rather intense infection bled relatively little. 
Thus, patient 17, who harbored at least 509 
worms, bled 7.3 ml. per day and patient 15, with 
at least 609 worms, 15.4 ml. per day. Patient 15 
entered the hospital with a hemoglobin of 5.2 Gm. 
per 100 ml., but he was not studied at this time. 
At the time of study, he had recovered from the 
anemia and was in excellent state of nutrition. 
Patient 17, who had no significant anemia on ad- 
mission, had a hemoglobin of 15.0 Gm. per 100 ml. 
at the time of study. Contrary to most of the pa- 
tients in this study, his dietary history was good. 
Being both a fisherman and a farmer, he ate fish 
and fresh vegetable twice daily, and drank milk 
daily. 

The data on iron loss in Table V 
proximation only since iron may be in part reab- 
sorbed after it arrives in the intestinal tract. In 


are an ap- 


Venezuela, the average daily iron intake has been 
estimated to be around 12 mg. per day (18). If 
it is assumed that of those 12 mg. a maximum of 
3 to 4 mg. is absorbed, it is plain that the patients 
with severe infection are in negative iron balance, 
with the possible exception of patient 17. It is 
interesting that only those six patients (from 16 
to 21) who had calculated iron losses of less than 


4 mg. per day were free from significant anemia 


on admission. 


The loss of blood per hookworm per day 


The work of Wells (6) Nishi (7) 
showed clearly that the dog hookworm, Ancylos- 
toma caninum, consumed considerable quantities 
of blood. Wells arrived at an estimate of this 
quantity by sucking into a calibrated pipette the 
blood being ejected from the anus of the worms 
fixed to the intestine of the anesthetized dog, di- 


and of 
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luting it in known amounts of counting fluid and 
comparing the red blood count thus obtained with 
the dog’s red blood count. He concluded that, if 
the same rate of suction which prevailed during 
the period of observation (approximately 20 min- 
utes) continued during the 24 hours in the intact 
dog, each hookworm could consume as much as 
Nishi (7) with similar 
methods, concluded that the blood loss per An- 
cylostoma per 24 hours was on the average “0.144 
ml.,”” and could be as high as “0.392 ml.” if the 
hookworm continued sucking with a maximum 
Apart from 


0.84 ml. of blood per day. 


activity throughout the 24 hours. 
the hypothesis of the constant rate of suction, two 
objections may be made to this interesting work: 
1) it is known that the red blood counting method 
has a large intrinsic error, and 2) these results 
would apply only to the dog hookworm, a larger 
and probably more voracious animal than the hu- 
man parasite, specially the Necator. If we as- 
sumed 0.84 ml. per worm as an average daily loss 
for the human hookworm, some of the patients in 
the present series would be losing more than 
two liters of blood per day into their intestinal 
tract, an improbable figure. Gerritsen, Heinz, and 
Stafford (19), using radioiron and methods simi- 
lar to the ones described here, studied three pa- 
They did not 
mention the exact species involved, but they found 
respectively 0.026, 0.22 and 0.053 ml. per day per 
hookworm, values much closer to the present ones. 
It is possible that the higher value of 0.22 may 
have been due to the presence of Ancylostoma 
duodenale. 
lost iron is possibly reabsorbed, Gerritsen’s values 


tients with hookworm infection. 


Since an unknown quantity of the 


are presumably closer to the actual amount of iron 
lost by the patient, while the present values should 
give a more exact indication of the amount of blood 
actually lost into the intestine through the action 
of the worms. 

The amount of blood loss is variable, ranging 
in the various patients with pure Necator infec- 
tions from extremes of 1.18 x 10°? and 6.35 x 
10°? ml. per worm per day (Table VI). As for 
Ancylostoma duodenale (Table VII), it would 
appear from the limited number of patients herein 
presented that blood loss due to these worms is 
distinctly larger than that due to Necator. The 
data expressing the probable loss per Ancylostoma 
are of course unreliable, since it is assumed, for 
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the sake of calculation, that the Necator present in 
mixed infections are consuming a quantity of 
blood equal to the average in pure Necator infec- 
tion, this parameter being subject to considerable 
variations (Table VI), and since the percentage 
of Ancylostoma is generally low. In patient 7 
(Table VII), the figure is more reliable, since 70 
per cent of the hookworms were Ancylostoma. It 
is plausible that Ancylostoma, a larger worm, will 
consume more blood than Necator, and 0.2 ml. 
per day per worm appears to be a fair estimate of 
its capacity to produce blood loss from the host. 

In cases in which the recovered hookworms 
were placed in a test tube and their radioactivity 
determined, it was a surprise to find that in none 
of the tubes was radioactivity above background. 
This finding would imply that the hookworm con- 
tains little or no blood, possibly because they eject 
it under the action of the vermifuge, or lose it 
during the washing process. According to Wells 
(6), a number of observers have seen that speci- 
mens of Ancylostoma duodenale removed from 
the host at autopsy eject blood both from the 
mouth and the anus. 


The relationship between number of ova in the 
stools and blood loss 


The amount of blood lost per day per million 
ova is on the average 2.02 ml. + 1.12 for pure 
Necator infections (Table VI). Thus, there is a 
rough correlation between blood loss and egg lay- 
ing, which is to be expected, since both are expres- 
sions of the biology of the worm, and hence should 
depend upon the number of worms present. 

The above method of calculating blood loss, 
while interesting from a biological point of view, 
is impractical for the clinician who wishes to gain 
an idea of the amount of blood his patient is losing 
from the number of ova which he finds in the 
stools. Since it will usually be difficult for the 
clinician to collect feces in four-day periods in a 
quantitative way, the result of the first three ova 
counts performed on each patient was expressed 
also in terms of ova per Gm. of feces, and it was 
attempted to correlate this value with the amount 
of blood lost per day during the same period of 
time. By averaging the three ova counts, it was 
found that the patient lost on the average 2.74 ml. 
per thousand ova per gram of stool, with range of 
0.82 to 7.14 ml. and standard deviation of + 1.50. 
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Thus the range is rather wide, depending in part 
on the presence of Ancylostoma in some of the 
cases, but the method has been found useful in 
roughly predicting the blood loss, and in judging 
whether or not an anemia associated with hook- 
worm infection is due chiefly to that infection. 


Contribution of blood loss to the anemia of hook- 
worm infection 


Whether bleeding due to the hookworm is suffi- 
cient to account entirely for the anemia cannot be 
said from the present data alone. Certainly there 
appears to be a rough inverse correlation between 
the amount of bleeding and iron loss and the hemo- 
globin values. Ultimately, whether a patient with 
hookworm infection develops anemia or not prob- 
ably depends on a balance between what goes into 
the red blood cell and what comes out of the body 
of the patient. This does not necessarily involve 
iron intake and blood output alone; factors of pro- 
tein ingestion, as well as of iron absorption, red 
cell destruction and possibly bone marrow func- 
tion may enter the picture. Until these factors are 
quantitatively studied, no definite conclusion can 
be reached, although it appears probable that 
bleeding does play an important, if not the most 
important, role in the genesis of hookworm 
anemia. 


SUMMARY 


1. Two non-infected and six hookworm-in- 
fected subjects were given their own chromium- 
tagged erythrocytes via a duodenal tube. Fecal 
recovery was on the average 96.7 per cent of 
administered radioactivity, and urinary recovery 
1.7 per cent. 

2. In ten non-infected subjects, two of them 
with marked anemia, whose circulating erythro- 
cytes had been tagged with Cr**, there was little 
fecal excretion of radioactivity (average 1.27 ml. 
of “blood” per day). Most of the daily excreted 
radioactivity appeared in the urine (96.3 per cent 
of the total activity recovered daily, on the av- 
erage) in the eight non-anemic subjects. 

3. A comparison of the radioactivity in blood 
and feces of patients with Cr°'-marked erythro- 
cytes appears to be a valid way of estimating in- 
testinal blood loss. 

4. The circulating erythrocytes of 21 patients 
with varying severity of hookworm infection were 
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marked with Cr’, and intestinal blood loss due 
to the hookworm was measured by comparing 
stool and blood radioactivity. 

5. Blood loss per day in the stool was found 
to range from 2.0 to 251.5 ml., in rough propor- 
tion to the severity of infection. 

6. In twelve patients with pure Necator ameri- 
canus infection, the blood loss per day per hook- 
worm was on the average 3.11 x 10°? + 1.73 x 
10°* per ml. 

7. Five patients were found to harbor mixed 
Necator-Ancylostoma worms. Blood loss per 
Ancylostoma duodenale was estimated to lie in the 
neighborhood of 0.2 ml. per hookworm per day. 

8. Calculated iron loss ranged from 1.2 to 29.1 
mg. per day. 

9. There was a rough correlation between num- 
ber of ova in the stools and amount of blood lost. 
On the average, patients lost 2.74 ml. per day per 
1000 ova per gram of stool, with standard devia- 
tion of + 1.50 and range of 0.82 to 7.14 ml. 
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in physiological 
event monitoring 


Detailed descriptive four-page folder, showing Viso- 
Scope uses with other Sanborn instruments, is available 
on request. Write to 


SANBORN COMPANY 


MEDICAL DIVISION 
175 WYMAN ST., WALTHAM 54, MASS. 


ERE is a high quality, easy to operate oscilloscope 
designed especially for visually monitoring physio- 
logic waveforms in conjunction with Sanborn direct 
writing recording instruments. Waveform is presented 
as a sharp, distinct yellow trace on the Viso-Scope’s 
double-coated 5” diameter screen. Long image retention 
allows complete visual presentation of an event that 
lasts four seconds. Electrically analogous (in part) to 
a television receiver, the Viso-Scope is just as easy to 
operate: sweep speed (25, 50 and 100 mm/sec.) is 
selected by turning a knob...three other knobs 
control on-off and Scale Brightness, Focus, and Trace 
Brightness. These are the only controls needed for 
routine operation. 
Usefulness of the Viso-Scope is further enhanced 
by: provision for enlarging the tracing at any time to a 
scale of 1” deflection on scope for 1 cm. stylus deflection 
on chart; an illuminated reference scale on the screen, 
for estimating the size and duration of the trace; suit- 
ability to photography, with Dumont, Fairchild or other 
cameras; and use with other Sanborn instruments, such 
as the Model 179 Electronic Switch (shown below) for 
simultaneous presentation of as many as four waveforms, 
or with the Model 185 Vector Amplifier for vector- 
cardiography. 


SANBORN 


MODEL 169A 


Viso-Scope 
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the versatile 
‘ready-to-use’  Connel 


LAB-TROL ., DADE 


SO INEXPENSIVE it can be used daily with each run of a test procedure. 


For positive assurance of accuracy in blood chemistries. Lab-Trol comes in liquid 
form, ready to use from the bottle. Treated like serum or whole blood, it goes 
through every step of a procedure including protein precipitation. For daily checks 
on the accuracy of tests, technique, instruments and reagents, run Lab-Trol in 
parallel with unknown samples. 
Lab-Trol remains stable indefinitely, and because it is ready to use, is not subject 
to dilution errors. For tests with antigens, Lab-Trol con- 
tains human syphilis reagin (antibody)—gives 4+ reaction, 


EACH VIAL OF LAB-TROL will serve as a standard for all 

the following procedures: 
> @ Total Protein ®@ Phosphorus—inorganic 

®@ Glucose ®@ Non-Protein Nitrogen 

@ Magnesium ® Sodium 

®@ Blood Urea Nitrogen ®@ Potassium 

®@ Creatinine ® Calcium—total 
®@ Chlorides (as NaC!) 

No. 53455—Lab-Trol, package of six 3.5 ml. vials 

per package........ 
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You can rely on 
Scientific 
Products— 


Ainsworth balances 

American Optical 
microscopes ‘ 

B.B.L. culture media <— 

Barnstead stills 

Bausch & Lomb 
microscopes 

Beck Lee E.K.G. 
equipment 

Beckman 
instruments 

Becton-Dickinson 
equipment 

Berkeley radioisotope 
equipment 

Browne-Morse 
sectional cabinetry 

Christian Becker 
balances 

Clay Adams medical 
aoe 

Colem: 
spovtnighatemetere 

Coors porcelain 

Corning glass 

Dade serums 

DiSPo items—dis- 
posable specialities 

Hartman-Leddon 
chemicals 

Hycel clinical testing 
equipment . 

International 
centrifuges 

Jewett refrigerators 

Kimble glassware 

Labline laboratory 
equipment 

Lindberg peteietes & 
furnace: 

Lipshaw ‘Sine 
equipment 

Mallinckrodt reagent 
chemicals 

Matheson Coleman & 
Bell organic chem- 
icals 

Monaghan respiratory 
equipment 

Ohaus scales 

Precision scientific 
equipment 

Schieffelin 
pharmaceuticals 

SP laboratory 
specialties 

Spinco electrophoresis 
apparatus 

Sylvana serologicai 
reagents 

Torsion balances 

Virtis virus & tissue 
equipment 

Warner-Chilcott 
pharmaceuticals 


No matter what 

your laboratory 
needs—be sure to 
consult your SP 
representative J 
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Reprints of the eight papers on the The Journal of Clinical Investigation 


333 Cedar Street New Haven 11, Conn. 
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published in the April, 1954 issue of COMPLETE VOLUMES 


THE JOURNAL OF OF 
CLINICAL INVESTIGATION BACK ISSUES 
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new NRD liquid phosphor 


scintillation counter 


Efficiencies up to 80% with 
Carbon-14 now easily obtainable 
with this new low-cost counter. 
Background only 15-20 CPM. 
Precision shutter facilitates changing 
sample without reducing high voltage. 


Simple... rapid... counts any 

sample in organic solvents and many 

water soluble compounds. Provides 

maximum counting efficiency with 

minimum background. Holds 

spurious counts to a negligible level. 

Attaches to any scaler having good 

high voltage stability. Requires no 

extra circuitry, gas tanks, regulator 

or refrigeration. (Refrigeration may 

WRITE FOR SPECIFICATIONS. be added for counting Tritium.) 
(Other Liquid Counters for Low Energy Its small size and economy makes 
Betas Available.) it a laboratory convenience. 














N, a subsidiary of 
8] nuclear corporation 


of america, inc. 





SALES OFFICES: 


Nuclear Consultants, Inc. Nuclear Corp. of Amer. Nuclear Corp of Amer. Isotope Specialties Co. 
33-61 Crescent St. 9842 Manchester Rd. 4754 W. Wash. Bivd. 703 S. Main St, 
Long Island City 6, N. Y. St. Louis 19, Mo. Chicago 44, JII. Burbank, Calif. 


Nuclear Corp. of Amer. Export Dept. X-Ray & Radium Ind., Ltd. 
Box 7433, Sta. C 431 Fifth Ave. Toronto, Ontario 
Atlanta 9, Ga. New York 16, N. Y. and other Canadian cities. 





PFIzER LABORATORIES, Division, Chas. Pfizer & Co., Inc., Brooklyn 6, N, Y. Pfize 


AVERAGE SERUM CONCENTRATION uG./ML. 





1 qT q T 
1 2 3 4 
HOURS AFTER ADMINISTRATION OF 250 Mg. DOSE 


Tetracyn V, tetracycline=phosphate buffered; 
fatter given orally, produces "markedly higher serum 


concentrations than those obtained with tetracyclin 


hydrochloride."4 
bleod bevel In a crossover study, Tetracyn V afforded serum 
levels higher than tetracycline hydrochloride at 
df Wha two, three and six hours, following oral 


administration.? 
Therapy with activated Tetracyn V thus provides 
a higher, faster activity level of tetracycline, 


established as outstanding in effectiveness 
and safety among broad-spectrum antibiotics. 


SUPPLIED: Capsules, each containing tetracycline equivalent to 
250 mg. tetracycline HCl,..with added. sodium metaphosphate. 


1, Welch, H.; Lewis, C.N.; Staffa, A. W., and Wright, W. W.: 
Antibiotic Med. & Clin. Therapy 4:215 (April) 1957. 


TETRAGYN | 


tetracycline--phosphate buffered 





